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A. (ij. Mxtord, L4- 


CULVER STREET WORKS, COLCHESTER, 
On ADMIRALTY aND Wir OFFice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches. 
BOILER FEED PUMPS. 

See Advertisement, pages 33 and 98. 


WATER-TUBE BOILERS, 
ae AUTOMATIC FEED REGULATORS. 


And Auxiliary bay ar A as supplied to tee 





Rubber 


Valves and Packings 


MANUFACTU. aaa 


' QUTTA PERCHA & RUBBER, LIMITED. 
Toronto Canada. 





- > 
he National Foremen’s 
ASSOCIATION oF THE 
ENGINEBRING AND ALLIED TRADES, 
(Registered under the Trade Union Act.) 








An Association specially formed to look after the 
faterests of Foremen on their Supervisory Oapacit: a. 





All communications to— Head Offices— 
HW REID, 81, High Piers. 
General Secretary. London, W.Cc.1 





ranes.—Electric, Steam, 


C HYDRAULIO and HAND, 
of all types and sizes. 
GEORGE RUS L & CO., Lrp., 
Motherwell, near Glasgow. 8207 


STEEL TANKS, PIPES, GASHOLDERS, &c. 
thos. Piggott & Co., Limited, 


MINGHAM. T4il 
See Advertisement last week, page 119. 


























Plenty. and 


MARINE ENGINEERS, &c. 
Newsury, ENGLAND. 


ank Locomotives. 
5 poaaneies and Workmanship equal to 
Main Line Locomotives. 
Rk. & W. HAWTHORN, LESLIE & CO., —. 
ENGINEERS, Nk&WCASTLE-ON- E. 


MULTITUBULAR AND 
(Sochrane CROSS-TUBE TYPES. 
Bee ye page 17. 


Bowlers. os 


Pp etter Qi ie 


Manufactured by 
___ PETTERS Lrarrep, Engineers, aad 


“Gpencer- FJ opwood” Patent 


Sole Makers : Boilers. 
W. H. SPENCER & CO., erates Herts. 
See page 1 3421 


nvincible (Jauge Cflasses. 


BUTTERWORTH BROS., Lid., 
Newton Heath Glass Works, 
Manchester. 


on, 



































































































































Od 9753 
‘lectri nsporte 
4) lectric \ransporters. 

















79 (‘ampbells & He: L*- 


8530} — 


arrow & Co., Ltd., 


2 SHIPBUILDERS AND BNGINEERS, 
G@LASGO 


Ww. 
SPEEDS UP TO 45 MILBS AN HOUR. 
PADDLK OR SCREW STEAMERS OF 
BXCEPTIONAL SHALLOW Draveut. 
Repairs on Pacific Coast 
by YARROWS, —— Victoria, sear 


Suresvui_pers, Sure REPAIRERS AND NE EH nag 





Gear Cutting. 


Werm Wheels cut up to 13 ft. diam. 
Bevel and Mitre Wheels planed up to 3 ft. diam. 
Spur Wheels cut up to 9 ft. diam. 


____ DOLPHIN FOUNDRY, LEEDS. _ 4547 
bt achts, Launches or Barges 
Bailt comnplete with Steam, Oil or Petrol 
or Machinery supplied. Od 3551 
YOSPER &CO., Lrp., Broap STREET, Sy enenseanciats 
FOR — 
x ve Pp org i ngs 
GARTSHEREIN ENGINEERING & FORGE a2 
ellington Street, Glasgow. 


QO ‘Pel “A PPliances. 


PRESSURE, 
SYSTEMS { AIR. 
. STEAM. 


FOR BOILERS OF ALL TYPES. 
Kermodes Limited, 


35, Tus Tempie, Date Street, LIVERPOOL ; 


4078 
MESSRS. BUCKNALL & RICHES, 


8, SourHampTon Row, Loxpor, W.C. 1. 
NAVAL OUTFITS A SPECIALTY. 





819 








MANNING. W WARDLI DLE AND ND COMPANY, ae, 
Boyne Engine W Leeds. 2487 
See their Illus. Advertisement, page 137, test 9 week. 


RAILWAY AND TRAMWAY ROLLING STOCK- 

Hs N elson & (Co: | td. 

Tue GLasaow ts Srock anp PLANT a. 
MorTaERWELL. Od 3383 


The (Sambridge and pal 


[2strument Ce: L- 


Mauufacturers of Mechanical and Electrical 
ee oer of Precision. 


Worxs: Cambridge a 8194 
Mow Sonthgate, London, N. 11. 


enry Butcher & Co., 


VALUEBRS aypv AUCTIONEERS 
to the 
ENGINEERING AND ALLIED TRADES. 
ALSO FOR 
PLANT anp MACHINERY. 
63 and 64, CHANCERY LANE, W.C. 2. 











8134 


ocomotives | Tank Engines C 


»j ohn Bellamy,  F sasaens 


MILLWALL, LONDON, 
GreyeRaL OCoyvsTRUCTIONAL ie SKERS, 


Boilers, Tanks,& Mooring Buoys 


Srics, Perrot Taxxs, Arn Recervers, STEEL 
CHIMNEYS,RIveTED STEAM AND VENTILATING PIPES. 
Hoppers, Spectral Work, Repares or Att Kreps. 


[lubes and Fittings. 


Stewarts and [ors | 


Glasgow and Birmingham. 








See Advertisement page 130. 8187 
y, \ CARBON \ 
CO: P lants (proxtps 


for Chemical Wke., Mineral Water Mfrs., Breweries, 
and all other purposes. —SPARKLETS aND GENERAL 


Mra. Co., Ltd., Bdmonton, London, N. 18. _ 7806 
BEA: fire Htinguishers 
895 


are foremost as fire fighters. No Acids. No Alkalis. 
Safe to use and always ready,— BritisH Fire ApPti- 
ances Co., Ltd., 109, Victoria St., London, 8.W. 1. 


nion ransit ompany, 
LBpgreke Sexomt? 


TRANSPORT SPECIALISTS. 8689 


Our Combination of Transport FAcILiTiEs 
enables us to undertake the handling of all 
classes of Transport Business on the Best 
Pp TERMS consistent with efficient service. 


Chief Office: 381, ARGYLE STREET, GLASGOW. 
CaBLes AND TELEGRAMS: “ TrawsiT, GLascow.” 


ement.—Maxted & Knott, 


Lrp,, Consulting Cement Hugineers, ADVISE 
GENBRALLY on pro Cement Schemes FOR 
BNGLAND AND ABROAD. ADVICE ONLY. 
Highest references. Eetablished 1890. 


Address, BuRNETT AvEenvuE, HULL. 
Cablegrams : “ Energy, Hull.” 


CHANTIERS & ATELIBRS 
ugustin- N ormand 


61, rue de Perrey—LE HAVRE 
(renee ce). 











7991 





3890 
Destroyers, Torpedo Boats, ¥ Yachts and Fast Beats, 
Submarine and Submersible Boats. 
NORMAND’S Patent Water-tube Boilers, Coal or Oil 





yles Limited, 
Oe IRLAM, MANCHESTER. 
7 Age! eh gi 
BVAPORATO TORS, Row's 


OORDBNSERS, whi HBATERS, Patents 
STRAM ayy GAS KBTTL 
Merrill's Patent TWIN STRAIN 


uctions. 

SYPHONIASTHAM r TRAPS. REDUCING VALVES 

High-class GUNMEPAL STRAM FITTING: 
ATER SOPTRNING and- FILTERING. (RING. 6198 


VY 4trow Patent 
Wi ter-tube Boilers. 


Messrs. YARROW & O©OO.. UNDERTAKE = 
PRESSING and MACHINING of the various 
of Yarrow Boilers, such as the Steam Drums, ater 
Pockets, and Superheaters for British and Foreign 
Firms not rsh. the necessary facilities. 

YARROW & Ltp., ScoTstoun, GLASGOW, 


Matthew paul & (o-. |: 


LevExForp W Dumbarton. 8653 
See Pull Page Advt., page 78, Aug. 20, 


Proreings. 
Walter GQomers & Co., Ltd., 


HALESOWEN. ‘7116 

“ ” HIGH-CLASS 

Delt Brand grornuuninGaLLoys, 
Pugiom, Castings, Bars, Sheets, Wire, —_ 


K DBLTA METAL OO,, Lip, * 17 
B.Gaeexwice, LONDON,S.B. 10(&at Birmingham) 


"Taylor & (Shallen 
P resses 


TAYLOR&OHALLEN,L»., Engineers, Biamivenam, 
See Full Page Advertisement, Aug. 20. 


7 ; , 
iesel Driven Generators, 
400-500 Kw., D.C., 500 or 250 Ma be nt 
R.P.M., in — ‘condition. Low 
Engines and mvs could be sol ly. 
Also two. Kw. Parsons TORBI 
230-250 Sy de D, ¥e x Bin 6 aatee 460-500 volts), complete 
with Spare A: d Condenser. 
Lam TURBINE SET, Willans-B. 0.C., 200 by Ay 
440/500 V. ith C , Pumps, 
INNINGS, 
_West Walle. Newcastle-om-Tyne. 




















AERIAL ROPEWAYS, CABLEWAYS, CRANES, 


Qteel (\astings. a 


See eae advertisement every fourth week. 
HENDERSON & OW)., Aberdeen. 





ON ADMIRALTY LIST. 


ohn Kirkaldy, Ltd., 


Heating. Diesel Oi! Engines. 
e London Office: 101, LeapEennaxt Sr., B.C. 3. 


Works: Burwr BR Sood ed Harwtow, Hssex. 
Busguatins and a Distiliin Plants. 

Refri and Ice ng Machinery. 
Feed eaters. , 

Bva 

Fi Water Distillers. 


Main Feed Pum 





BKiectric Lifts 


(UP TO 8% TONS.) eins 


























ENGINEERING WORKS. 
il, BILLITER SQUARE, H8.O. 3. 


i Iron and Steel 
['ubes and fittings. 
8746 


he Scottish “Tube Co., Ltd., 


Heap OrFice: 34, Robertson Street, Glasgow. 


















































8. H. HEYWOOD & 00., LTD., 
a EWOOD & 00., LD 8143 8. H. HEYWOOD d # 00., LED., 
uller, Horsey, Sons&Cassell,| « : 
: sPuCLALISTS : Ge ores 
mn the 
8 * . ° 
ALB AND VALUATION Lubricating Oils 
PLANT AND MACHINERY 1834 


** Make Good.’’ 


Henry Wells Oil Co., 


ll, HAYMARERT, 


Fenn 8.W. 1. 8256 








Combined Cireulating and —¢ Pumps. 
Auxiliary may oR x 
&c, 
ih PSP Gienee. 
8143 
8. H. HEYWOOD . 0O., LTD., 
REDDISH. 
[the Glasgow Railway 
Engineering Company, 
GOVAN, G iw, Lrp., 
Lendon Cfice—12, Victoria Street, 8.W- 
MANUFACTURERS 0: 
RAILWAY CARKIAGE, WAGON & TRAMWAY 
EELS & AXLES. 
one & WAGON IRONWORK, also 
XES. 8337 


AST-STEEL AXLE BO 


Pp: & W. MacLellan, Limited, 


CLUTHA WORKS, GLASGOW. 
ACTURERS OF 


Manvy. 
RAILWAY ta gee AND WAGONS 
OF EVEKY DESCRIPTION. 
RAILWAY IRONWORK,BRIDGES, ROOFING, &c. 








Rove Wego, a a 





See Advertisement paige 105, Aug: 90, 








WELDLESS OHAINS, Lrp., Coatbridge. 


Chief Offices: 129, Trongate,Guaseow. Od 8647 
| Registered Offices: 1084, Cannon St., London, B.C. 


J. Davis, M.I Mech.E., 


« Gas ae, oon ‘Inspected, Tested ond 


Reported U ex Tel. 
= 137 Stratford. “Wire. R “Ra ing, London.” 


—Great Eastern Road, Stratford, B. 15. 1794 


Mxxhine | and Engineering 


WORK of all descriptions undertaken for 





Manufact ac. Also re] irs and 

renewals. Best work, moderate c U8SSER 

& RUSSELL. ah ueen’s Wharf, sromeremith. 
NEW PATENT ACT. - Rossen & Russe, Lrp., 


areprepared to sasstaiie the manufacture of articles 
at present made abroad, and will be plessed to hear 
from firms desiring such work executed. 9211 


ocomotive [‘raversers 
(ELECTRIC), 

—- 8143 

8. H. HEYWOUD & C©O., LTD., 


REVDISH 
Diedging pliant 


OF ALL DESCRIPTIONS, 
FLOATING ea  - exp BUNKERING 


Werf Ganred, a CAND. 


H 
Agate s MARINE WORKS, Lrp.. Faians 
9-41, New broap Sr., "LONDON, E.0.3. 
_ ee half page A idvert. last week and next week. 


(Nentrifugals. 
Pott (\aseel & Williamson, 


MOTHERWELL, SOOTLAND. 














See half-page Advertisement, page 92, Aug. 6. 
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ENGINEERING. 

















| (Avs. 27, 1970, 

















rystal 
PRACTICAL ENGINEERING. 


P PRINCIPAL : 
J. W. WILSON, M.I.C.B., M.Inst.Mech.B. 
Founded 1 1872. 


The New Course will com: commence on Wednesday 
September 15th. New Students enter at the Schoo i 
on the Mornin a September 14th. 





Prospectus, of the PRINCIPAL. J 389 
rpibe Polytechnic, Regent 
STREBT, W. 1 


SCHOOL OF ? ENGINEERING. 


Prestpewr oy Scxoo.—Tue Hon. 8irn CHARLES 
PARSONS, K.O.B., M.A., LL.D., D.Sc., F.RS., 


ete. 
Heap or 9 eg eos oe J. SPOONER, 
ELE. M.1,Auto.B., A.M.Inst.C.8., 


P.G. 
The bat” D&PARTMENT reopens on 14th Sep- 


tember, 1920. 

Hntrance Examination, 13th September, at 
10 oe’ 

Zl Three Year DIPLOMA COURSES in 
MECHANICAL ENGINEERING, BLECTRICAL 
BNGINEBRING, MOTOR CAR ENGINEERING, 
CIVIL ENGINEERING. 


Practice in the Laboratories, Drawing Office, 
Werpatep 008 Tit. 


The EVENING #1 Guiness por ennam reopens on 27th 
Se ber, 1920. 
dents enrolled en 15th September, 6 to et m. 


Ba ag ery tus of Day and Bvenin 
post patd paid, from’ ihe DInHOTON OF 
BDUCATI J 348 





Heriet- Watt College, 
BDIPSURGH. 


Principat—A. P. “LAURIB, M.A., D.8o. 


BNGINEBRING. 
Com ate T Diploma Courses in MECHANICAL, 
CAL and a ENGINEERING. 
A new ‘Dt Diploms Coates has tt been instituted in 
IL MINING EN INBERING. 


CHEMISTRY. 
Diploma Courses for Students preparin: 
A.LC, in -e - ne .e) ¢@ Uhemistry, 
Ch igs, and Bio- 


Chemistry. “Geannns tor J Brewers’ Chemists, 
Courses have are, ae instituted for Students 

preparing for 

PHAR CRU TICAL DAL EXAMINATIONS. 


BUILDING CONSTRUCTION. 
A Two-Years’ Course in Building Construction for 
Builders’ Clerks and ne he age has been insti- 
tuted, leading to a Certificate 


Prospectus and information on application to 
Principal at the College. 
PETER MAONAUGHTON, Clerk. 
Heriot Trust Offices, 
20, York Place. 
August, 1920. 


for the 





J 393 





dees O.E. + Exams. over 200 


Bec. “* . pect 
andi Quantities)" Snow, prepared Dagan, Spe 
Address, 7434, Offices of HNGIngxkINe. 





Or dence Courses for 
ey Inat. C. B., I, Mech. " = 
“f ———} 8 . > b=! rots 


Budjects. Ferman eee —For full joulars 
RW. PH 
Aseoo:M. Mites. 0.8. Ot R.S.1,, &-10, 
bers, 68, South John Sitest, isvecyrol. 8423 





[Ps O.E., I. Mech. E., B. B.Sc., 


eering Bxaminations.— 
Assoc. M. Inst. on Py th 
Hasan. PREP. CANDIDA’ wre personally 
by Hundreds successes. 
om commence at any time.-0; Viewens 
56. . Wi 5.0 8805 





(Tuition by Post. — Rapid 
age at for the October Examina‘' of 

> = and I.M.E. noaipaot| 
1878,—-PBNNINGTO. niversity Tutors, 

de4, Oxtord Road, Manchester. 7963 





INDIA OFFICE, WHITBHALL, 
25th ava@ust, 1920, 


THR SBORRTARY OF P STATE FO 
COUNCIL is prepared to RSP sap: 


nders from such Per- 
5 pone as comer be —— to supply: 


sce for Slee 



















rl stne.oe, ine h thne 
alacge G, H. COLLI 
Director-General of Stores. J 48 


Palace School  of|gtion 





_CLYDB BaVIGATION ° 


PLANT FOR SALE AT B AT PRINOR'S DOCK 
POWER 62s STATION 


The Trustees invite 


[lenders for the Purchase of 


rface Condensing PUMPING 
Cylinders 15°22 and 36 in. dia., Pumps 
Tan gy) working 
set capable of supplying 200 
r 8q. in. All branch 
pes and valves con- 
ve floor level inside 


pas e Ex 
GINKS. 
Sin. aia. by 24 in 
n 
gallons per BB wees’ at 760 Ibs. 
steam and water —_ 
nected with these ines 
othe: Pum ng gine t nt in use, 
ese Pum a are a’ use, 
and in good wor! ion, and one to remain 
on site until notice so ~ many by the Mechanical 
Engineer that they are to be moved. 
Additional information and Permit to inspect can 
be obtained here at the Mechanical Engineer's 


Office. 
Tenders to bé B- Hing — Rw the padesigned not 
“ than Monds mer, 1! 

he Trustees may not sees the *hignest or any 


FE: 
T. R. MACKENZIE, 
General Manager & Secretary. 
16, Rene Se 0 Street, 
25th Regust, 1920. 
EDINBURGH CORPORATION. 
BLECTRICITY SUPPLY. 


The Lord Provost, Magistrates and Council invite 


Te ers for the following 


ee at the Portobello Generating 


J 463 





‘Shoritication No. 27—Uosl, Ash and Flue Dust 
Renstas Plant. 

Specification No. 28.—Circulating Pumps and 
Pipe Work. 


pies of the Specifications can be obtained from 
the Engineer, Dewar Place, Edinburgh, on and 
ne. 30th August, upon pay ent of a deposit of 
for cac section. ditional copies of the 
Spccttientions can be Sbeained upon payment of a 
deposit of 21 1s, each; these deposits to be returned 
after receipt of a bona fide Tender and on return of 
the Specification. 

The 8 fications can be seen at, but not obtained 
from, the office of Sir ALBXANDER KEWNEDy, 17, 
Victoria Street. Westminster, London, 8.W. 

Tenders on the prescribed form, enclosed in a 
sealed envelope aud endorsed on the outside 
** Electricity Supply Tender for Specification No. 
27 or 28, as the case ma 
the office of a — 

seg vom t 10 
¢ Council oe not bind themselves to accept the 


iene or any 
A. GRIERSON, 
8.8.0. 
Town Clerk. 
City Cham’ 
BDINBURGH, 25th August, 1920. J 442 


0. AB » 


MINISTRY OF MUNITIONS. 


BY DIRECTION OF THE DISPOSAL BOARD. 
(PLantT any MacuHinery Sxcrion.) 


Fo Sale by Public Tender. 


HYDROGEN PLANT. 
onbae f pe 


ulio Lift with 6 ft. 6 in. square 
orm (by BE. G. Smith & Sons, Hali 
rede Steel C 
Three Water Gas 


). 
Bane 18 in. dia. by 59 ft. high. 
Brhauste rs each 30,000 cu. ft 

hourly rh 2.. 
a H net ee 


(Bryan 2 & Donkin). 
xhausters, each 10,000 cu. ft. 
site Bo 
Two’ Lancash 
(com pie! 


(Bryan & Donkin). 
lers, 7 ft. dia, by 30 in. 
waar Sete Poroed Draught Furnaces for same 
One Lancashire ae 6 ft. 6 in. by 20 ft. (only 
+ finished) and 
One Set Forced Draught Furnaces for same. 
ae Se Station Meter, 27,000 cu. ft. per 
our and 
12 16 in, gauges. 
nenag ot x lars, Permit to view and Tender 
Forms can be obtained “=e application to the 
CONTROLLER, D.B.1.e., Plant and Machiner 
Section, Oharing Cross Huts, Embankment, W.C. 
Applications should be sent in not later than 
Ten a.m., September th, 1920. J 260 


TYNEMOUTH CORPORATION ELECTRICITY 
WORKS. 


gned nat later than 27th 











TRIPLE EXPANSION 871 STEAM , eager AND 

BOILERS FOR SALE 
[the following Plant is for 

Sole TENDER— 
One 500 k.w. Shunt and Compound D: 0, 440 to 
550 volts, . - Ae any og San ath pio expenehan 
e 

wcndine by Steam Oil Separators. 

One Surface Condensing Plant by the Wallsend 


coring Co., Lta., with Edwards 
Pumps, direct driven by Electric 


One Centrifugal erg pref Pump for same, direct 


m by 

One Cooling Tower for same. 

Four Lancashire Boilers 80 ft. by 8 ft. 6 in., 
pounds working pressure with Rant 
stokers and three fitted with superhcaters. 

One Climax bysenig 2 aw A su — for 15,000 
pounds per oe pounds w pressure. 

hee =~ ng Pipes and Valves comtineed with 


above. ' 
Three Weir Feed Pumps, Feed Pi Vi 
Py ty Pes and Valves 


three throw In, 
row 


Two 3 in. Invincible Centrif ian b 
ous ee eS So, Sn. — ~<A 4 
wl a t Oo 

pata. ee “hed what in,, suction 


Two Sets + ae Hydraulic Vertical Inverted | the 


THE HIGH “COMMISSIONER or for New Zealand 


is prepared to 
— eae & 


ee a eT 


trand, 

at the Offices of the H 
Zealand by noon on 2nd September, 1920, after which 
time no tender will be reecived. 

The High Commissi.ner for New Zealand does 
not bind himself toaccept the lowest or any Tender, 
or to defray any expenses in connection with 
tendering. J 451 


THE SOUTH INDIAN RAILWAY COMPANY, 


ITED, 
are prepared to receive 
[lenders for the Supply of 
FIVE “M” CLASS 46-0 SUPERHBATED 
eee ENGINES AND TENDERS. 
tions and Forms of Tender may be 
outinea at the oe 's Offices, 91, York Street, 
Westminster, S.W. 
Tenders pe te to the Chairman and Directors 
of the South Indian Railway Company, Limited, 
marked “Tenders for Locomotives” must be left 
with the undersigned not later than 2 p.m. on 
Tuesday, 28th September, 1920. 
A charge, which will not be returned, will be 





made of £2 for each copy of the 8 fication 
Copies of the Denne be obtained at the 
Office of Robert sq., M. Inst. R.E., 


Consulting Engineer oe the Company, 3, Victoria 
Street, Westminster, S.W 
By Order, 
W. B. REYNOLDS, 
for Managing Director. 
91, York Street, 
Westminster, §.W.1. 


_ 18th August, 1920. — 3420 


MINISTRY OF MUNITIONS. 


BY DIRECTION OF THB DISPOSAL BOARD 
(Piast anp Macuiwvery S£cri0n). 





ait, BY PUBLIC TENDER 


FOR 
Two Gas Holders and 

MISCELLANEOUS PLANT, 
Comprising ; 


ag Steel Gas Holders, 40,000 cu. ft. capacity 


One Vertical Boiler, 10 ft. high, 4 ft. dia. Com- 
=. with Tangye Duplex Steam Water Feed 


be, must be delivered at | each 


ome 88 Engine and Exhauster with 6 in, 


Two W.I. Circular Scrubbers 
ammonia. 

One Cast-iron Pipe Condenser. 

Two 165 ft. by 8 ft. Cast Iron Luted Purifiers—also 
two6 ft. 61n, by 6 ft. 6in. os 

One Overhead Gantry, with cast-lron pulleys, &c, 

One Smal! Derrick 

Five Settings of 6 Retorts, with necessary 6 in. 
Cast Iron Pipe. 

Five Steel Hydraulic Mains. 

One Cast Iron Station Gas Mete: 
mee e ton Weighbridge an "Sun Yard (by 
‘bo fe. 6in. 8. & 8. Pipe, and 

About 5 tons of Cast Iron connections under- 
ground. 

Lying st Sandhuret. 

Detailed particulars, Permits to View, Tender 
Forms, which must be completed and returned 
= Ne —— ee a.m. on the 4th of September 

, can be obtained upon application to the 
CONTROLLER, D.B.le., Plant & Machinery 
Section, Charing Cross "Huts, Embankment, 
W.C. 2. J 256 


—-- 


for washing 








APPOINTMENTS OPEN. 





COUNTY BOROUGH UGE OF WEST HAM. 
ae OHNICAL ae 






4 


IT'wo full Tes Assistoalh 


LECTURERS aoe DEMONSTRAT RS 
Galery 23 pe wer ANTED for next ; 
per annum. 4% 
Must be graduates of British University. 
ions, with ulars of qualii cate 
timonials, should \e seng 
RINCIPAL, Municipal Technical I» a 
T8 







wari aes B. 15, not later than 5th Sey.iom 





MANCHESTER CORPORATION WATERY « RES, . 


LAYING OF AN ADDITIONAL PIPE LINE” 
BETWEEN THIRLMERE aRB AND MANCH} STER, : 


The Waterworks Committee require the ks 


Services of Several Assistant 

CIVIL BNGINEERS in connection with the 

ae aying of = ACS Pipe line between Thirlmere 
anchester 


“"Candidates must be good Surveyors, with ex. 
perience in the preparation of detail drawin 
specifications, and the setting out and laying 
large pipe lines through difficult country. 


Application forms, which can be obtained from” 
the SECRETARY, Waterworks Department, Town 


Hall, Manchester, must be sent in not later thag 
the llth of September, 1920. J 357 


COUNTY BOROUGH OF STOKE.ON. TRENT. 
CENTRAL SCHOOL OF SCIENCE AND TECH. 


OLOGY, STOKK-UPON-TRENT, 
ENGINEBRING DEPARTMENT. 





The Governors invite 


plications for the Post of” 
oe in MECHANICAL EN. 
GINEERI 


Candidates should hold a University Degree or an” 
equivalent qualification, and must also have had ~ 
teaching and works experience. 
The commencing salary will be 2350 to £400 per 
annum. 
Forms of Application, which should be returned, 
du'y completed, as early as possible, and further” 
particulars may be obtained on receipt of stamped, 
addressed foolscap envelope from 
R. W. LUDFORD FREEMAN, 
Director of Bducation, 
Education Offices, Town Hall, 
Hanley, 
Stoke-on-Trent. 
30th July, 1920. J 386 
TEMPORARY ENGINEERS REQUIRED IN 
CONNECTION WITH HYDRO-EBLECTRIO 
SURVEYS IN BOMBAY AND BURMA. 


THE SECRETARY OF STATE FOR INDIA IN 
COUNCIL will make 


S* Appointments of 
TEMPURARY ENGINEERS for 
ne ment in connection with the 
Hydro-Electric Surveys in Bombay and Burma, 
Candidates should be between 27 and 35 years of 
e. Associate Members of the Institution Ot Civil 
_ ineers and Associate Members of the Institution 





lectrical Engineers (London) will be eligible for 
phe eared ndidates should have a gen 
knowledge of Civil Engineering, including Survep- 


ing and the use of the tacheometric plane tables, 
sufficient knowledge of electrical power stations 
and distribution to enable them to draw up projects 
in the preliminary stages, and some experience of 
water power. 

The ap sppotntments will be on agreements for three 
years with provision for extension by mutual 
consent. Pay from Ra, 675 to Ra. 1175 per meceaa 
according to age, commencing from date 
reporting for duty in Bombay or Burma. — / 

vid 





BENARES HINDU UNIVERSITY, 
ENGINEERING COLLEGE. 


pplications are Invited for 


the POST of PROF EBSSOR of MECHANICAL 
ENGINEERING. Candidates must possess good 
practical experience vay - beens gd degree or 
proved — oy in 

Mechanical Engineering. al ae 50 per 


onth. 
ADE, PRINCIPAL, Engineering College, 








Benares Hindu University. 
Tel, ‘‘ Benco” Benares. J 189 
NORTHAMPTON POLYTECHNIC INSTITUTE. 


OIVIL AND MECHANICAL BNGINEERING 
DEPARTMENT. ; 


BLECTRICAL ENGINERBRING AND APPLIED 
PHYSICS DEPARTMENT. 


anted, ‘an Assistant 





LECTURER and DEMONSTRATOR in 
each of the above Departments. Commencing 
ry per 
Conditions and — of uban fueeday, which must 
be returned not late: uesday, 3lst August, 
R. MULLINKUX. ‘WALMSLEY, D.Sc., 
Principal. 
J 343 
wo Gat 12 REQUIRED by the Govexnmunt 
OF THE TANGANYIKA mY in the 
20 to 30 months’ continuous residential service with 
ible extension. Sa! 
allowance on first appointment of £30. 
free of rent, — free passages and liberal leave in 
must ee served in some brauch His Maj: 
Forces during the late war = feer reasons 


sala annum. 
1920, can be obtained fro 
) FB oremen of Works 
PusLic Works DepaRTMENT for a tour of from 
nerements of £15 to per annum. Outfit 
uarters 
a oy preteratly single, nee +a to 30, —_— 
not doing so are entirely satisfactory, and whe 


be have served an an appreatianhly as a carpenter and 
om! ers and ¢ Senrager with Motors. have a sound knowledge of Dailding construction, 
above are for sale at Tynemouth Corpora should apply at once, by letter, Ne wan, age, whether 
ay Wechn and way ts anon ge wisi |= matried or sin at ull particulars of Sane 
ot rn further particulars a to to the CRO GENTS FOR THE Tee NIES, 
-B.E., Borough Bleotricat neer, Tyn — 4, Millbank, elle S.W.1, quoting M 








leave ent on 
conditions “applicable to similar appointments in 
India. Free passages out and home. 

Full particulars and forms of application can be 
obtained from the SHORETARY, Public Works 
Dept., India Office, Whitehall, London, 8.W. 1,te 
whom applications for ap: intment ‘should be 
submitted not later than 10Lh September, 1920, 


India Office, 
9th August, 1920. i= : 
GOVERNMENT OF THE UNION OF SOUTH 
IRRIGATION DEPARTMENT. 
VACANCY FOR, AN ASSISTANT BORING 





pplications are Invited 
for the above - mentioned 
VACANCY 
CONDITIONS. 
(1) Five years’ con 


Sa ~- ising e annual increments 
” ot ee0 2000" Wo local allowance 






(3) oaiagatle. must be from 30 to 40 yearsaf - 


(4) Candidates must have had a thors 
‘ical mechanical engineering 

ng, and must have passed aay 
examinations pamuted by the Institute 
of Mechanical a een neers a8 qualif 
for associate membership. They @ 
have had previous administrative @% 
perience, and also previous ex ; 
in boring for oil, water, 3 aria bbe . 
and retary dri 


reussion 
(5) The successful candidate ey ‘be requis 


me an entirely satisia s 
Mt. — Certificate on is 
supplied for this purpose by the 
Ounaintaner for ‘the Union of 


Af : 
(6) If > successful candidate is resident 

the Union of South Africa, he ! 

agree cg 


ro if Lob Pe 
i ae copies od tations 
p) ous aw co. 
fication: 


character, quali 
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HEAT TRANSFER IN FLUES, Bee ett ait a 
By Lawrorp H. Fay. 
L. Laws Govznwmne Haat Transran. te 
Ix Enorvererme for February 19, 1909; the|~’ “4 Yo hr. 
writer analysed a series of tests of locomotive | — 






































diameter of the flue, and on the tem 

gas, yet the exact effect of each of these factors 

not be-established. More recent work with a 
collection of experimental data has led to the 

ment ‘of ‘an expression which covers the 
of heat between a flowing gas and the flue in which 400 800 
it is contained for a wide range of conditions. ' van 

In the present article the rate of heat transfer is 
studied in its relation to the various factors on 
which it depends. These factors are :— 

1. Temperature—The rate of heat transfer ; : 
depends on the ratio of the temperature of the . ; . . ; 
to the temperature of the fiue the : , ie ? 
wall has a mean temperature #, and 
temperature at one section of the flue i Taste ITI.—Final Temperatures for an Initial Tempera- 
another section z ft. distant along the flue is T,,) [rv .) “2 Oe St SPS 
all temperatures being measured ea ay Final 
zero in any scale, the relation between the two — — ‘SEksaumecsy > teas 
temperatures is given by the equati~n : : 

lolog L\/t— lolog Toft= Me. «. @) 
where ‘iolog” means “the logarithm of the 
logarithm,” and where M is a constant for a given 
set of conditions being determined by the dimensions 
of the flue and by the rate at which the gas flows 
through it. 

2. Flue Dimensions—The two dimensions on 
which the above constant M and hence the rate of 
heat transfer depends, are the perimeter and the 

i i — ‘ w in Flowing th h a 
ree me Nea a oP lue maeked oft. waa tables Somperaine inf 

2,000 deg. F., as in Table III. 

(Total heat transferred in 1,000’s of British thermal units 
per hour.) 
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lue 
Effect of Varying Flue-Wall Temperatures. 
ib fit. ; Ib. fhr. Ib. far. . hr. (5-ft. flue initial temperature _— deg. F. 
temperatures. A 








deg. | , deg. deg. 
600 705 760 
870 1,040 1,125 
1,080 . 1,300 1,390 
1,205 1,455 1,560 
1,240 1,645 1,660 
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Pound of Gas in Flowing 
“ ply Berk Tempera- 
Il and IV. 4 





The relation between the flue dimensions, the rate 
of gas flow and the coefficient M is that, given by 
the following equations : 

log Ma B+ mlog W: . - 2 142) 
where : = a 








Fee gecoeoe 
e5eesaecsteF 
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the amount of gas (heat) offered 
ara ttl in anteaters eee 


Fe 


log (B + 1:3) = 1°71 — 0°54 log @ onuay (84) 
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log m se 1360+. 0°87 logo (8b) 
The derivation of these’ equations from ‘the ex: 
perimental data is discussed below, but attention 
is first directed to the conditions of heat transfer 
disclosed by the formuls. 

Equations (2), (3a) and (38) show that for a given 
flue with gas flowing at ® constant rate, the’ co- 
efficient M in ¢quation (1) is # constant. This 
means that if distances along the flue z are measured 
from & point at which the gas temperature is T, the 
ot mage Aedged se Aaa oan in 
equation : 
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lolog: T/t — tolog Tit — Ma .  s) (la) 
This is to say the logarithm of the logarithm of the 
ratio of gas’ temperature to flue tem 
(lolog'T /t}, falls 
Fs nl 
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the work of a 





largely & matter of 


however, from the 


pplication to flues 


previous 


6-0 
of the 
given soe which have 
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/p 
. The 
values 
and 
flow. 
shown 
0°384 x 0°0089—-0-241 x 00005 


M= 0.0651 


thought, 








, and that the tables will 


sue eee ef ee wee ee 


‘eXptessions involved that this can 
safety, 


accurate results. 
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and W/p = 64; 








Iil. EXreencensatoanp Marammirscat Basus oF 
methods by 
given below: Further 
The importance, from an ineering standpoint, 
ch: the peocians theot ireapier betwen 6 
@ flue; has led to the 


mental work. Each 


—,0-00834 — 0-08342 — 0-00012 
4-00 5 
0-0673| 0-06 
0-0880 0-0 
0-0517| 0 
D-046a) 0 
0 0 
00347/ 0 
0:0804| 0 
0-0266| 0 
0258] 0-883 0 
Dorr @ 
0-0179) 0 
0-0157| 0 
B-0187| 9 
9-0120) 0-009 
0-108) © votre 
00092} 0 
0-0081) 0 
o-007Tt} 0 
0-0062| 0 
In the following description of the derivation of the 
larger than 2 in. ‘in diameter is 
nature ‘of the" 
be doné with 
reasonably 
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coefficient M gi 


= 1-36 + 0-37 log d 


TABLE X 
log m 
Swi ot chasis a 





for various ‘flue diameters, the 





iate coefficients m and B which are used in | formule it will’ be seén that their a 
to the flue “diameter is given by 
log (1:3. + B)=-1-71 — 0°54 log d 


VALUES OF OCUBH¥FICIENT “ M.” 
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deg.| In order to facilitate the practical use of the 
~7 {t.| formule, Tables IX and X have been 
in diameter|Table X gives values of the coefficient 
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considerable number of experimenters working 
under widely different conditions. 

The experiments used are as follows :— 

Jordan (Proc. Inst. Mech. E., 1909, page 1317) 
experimented with heated air passed through water- 
jacketed copper flues of both circular and annular 
section. The flue length was 3-28 ft., flue diameters 
from 0-506 in. to 1-968 in., rate of flow from 30 Tb. 








(6456.8) Ww. 


for B. 


Scale for mv. 


d 


to 620 Ib. per hour, and inlet temperatures from 
238 deg. to 750 deg. F. 

Nusselt used a flue 0-868 in. in diameter sur- 
rounded by a steam jacket, and measured the rise 
‘n gas temperature in lengths of from 0-64 ft...to 
3°70 ft. when CO, illuminating gas, and air at 
atmospheric pressure, and also at a pressure. of 
140 Ib. per square inch, were admitted at room 
temperature, the rate of flow varying from 1 Ib. to 
420 Ib. per hour. 

Josse with a steam-jacketed flue, 0-905 in. in 











diameter, experimented along the same lines as 
Nusselt, using air at pressures of 1-5 1b. per square 
inch absolute, and at atmospherid pressure, with flow 
rates from 0-5 Ib. to 71 Ib. per hour. seg 
Baboock and Wilcox Company and Fessenden 
experimented independently with watér-jacketed 
flues with diameters from 0-816 in. to 2 in. The 
gas was produced by combustion and entered at 
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the temperature of the 
combustion (1,473 deg. to 
2,340 deg. F.), the rate of 
flow varying between 40 lb. 
and 313 tb. per hour. The 
Babcock and Wilcox expe- 
riments cover both circular 
and annular section flues. 


author has analysed five 
series of boiler tests. . Two 
of these were made by, the 
Pennsylvania Railroad with 
locomotive boilers having 
flues respectively 2 in. and 
1-75 in. in diameter. . The 
other three are for station- 
ary boilers, one, by. Nichol. 
son on a experimental 
plug-type boiler, haying an 
effective, flue diameter | of 
3 in., the second a series made by the. Bureau of 
Mines on, a.Heine boiler, with an effective flue 
diameter of 5-9 in., as described in their, Bulletin 


No. 23, while the third is based on general results 


obtainable with a return flue boiler with an effective 
flue. diameter of 3-73 in, 

analysing this diversified mass of experimental 
which takes in more than 200 individual tests, 


eee 


the coefficient M in equation (1) : 
lolog T;/t — lolog T2/#=— Mz , - & 





Tre : 
i =i 


Fig.5. JOSSE EXPERIMENTS. 


first step was to calculate for each test the value | these 








the 

pe of the line increases. In the Jordan tests two 
of the series, B and (, were made with flues of 
annular section, in these, as explained, the 
‘‘ diameter ”’ is the “‘ effective diameter” equal to 
four times the hydraulic depth. In working out 


of equation for the relation between the 
coefficient M and tate of gas‘ flow was : 
logM=B—mlogWip . . (2) 


where W is the weight of gas per flue in pounds 
per hour, and p is the gas-swept flue perimeter 
in inches. : 
It was further found that in this ion the 


of B and m thus obtained, which are given in the 
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following table, were plotted over flue diameters as 
abscissm, in Fig. 6 :— 











Coe ficients. 
Flue Effective 
Test Series. Secti i t 
d B m 
Jordan, 0-604 | 1-48] 0 178 
r. p 

Jordan, § -| Annular 0-684 1-38 | 0-180 

Jordan, C Annular .. 1-040 1-26 | 0-220 

Jordan, F Circular . 1-236 1-16 | 0-246 

Jordan, D Circular .. 1-968 1-04 | 0-295 

FessendenI .. Circular .:| 1-816 _| 2-99 | 0-282 

Fessenden IT .. ..| Cireular ..| 0-816 | 1°28 | 0-212 

Babcock and Wilcox ..| Circular 2-00 2-92 | 0-295 

Babcock and Wilcox ..| Annular 1-50 1-09 | 0-265 

ww... as ..| Circular 0-868 1-25 | 0-215 

Jomse ~s ..| Circular 0-905 1-21 | 0:205 
Pennsylvania Railroad, 

® vivid ae ..| Circular 2-00 2-93 | 0-295 

nns vania Railroad, > 
0 .. ev .-| Cireular 1-76 1-03 | 0-280 

















The plot being made-on a logarithmic basis gives 
the straight-line relations already quoted : 


log (B +.1°3)—= T'71— O0-54logd . (8a) 
and 
log m —T36 +0°37logd .° (3b) 


In drawing the lines which these equations represent 
due weight was given to the relative accuracy of the 
various series of tests, and to the slope to be given 
to the lines so as to give reasonable results for flues 
of greater diameters than those used in the more 
accurate experiments. For the latter purpose the 
three boiler tests with the Nicholson, the Heine and 
the return-flue boiler were used to obtain points 
to serve as a general guide. .These three points 
cannot.pretend to the same degree of 7 a8 the 
other points, but they do’ give a general jo fication 
as to the general direetion of the lines for the larger 
diameters. 

In- studying Fig: 6 it. will be noticed that con- 
sidering the very varied origin of the experimental 
data, the final results are remarkably harmonious. 
This is particularly true of the Values \for the 
coefficient m for which the individual points show 
practically no deviation from the straight line. 
The points representing the values of the co- 
efficient B show slightly greater deviations, but it 
does not appear that the general relation between 


from the-accurate experiments which shows any 
serious deviation is that from the Babcock and 
Wilcox experiments with the 2-in. circular flue, 
and this is offset by the equally reliable point from 
the Jordan series D. 

It should be noted in this connection that the 
coefficient B establishes the rate of heat transfer for 
@ given rate of gas flow, and that the coefficient m 


of heat between « flowing gas and the containing 
flue. 





RECENT MACHINE TOOL ‘DEVELOP- 
MENTS.—No. XV. 
By Jossrx Horner. 

Fot.ow1ne the illustrations that have been given 
in previous articles of developments in the elements 
of machines, it is now proposed to make an eclectic 
selection of recent tools which may be regarded as 
generally typical of the trend of present-day design. 
It will not be convenient, because of inevitable 
delays ‘that arise in collecting suitable drawings, 
to illustrate in regular series, classified groups, but 
instead, selections will be made from miscellaneous 


examples, as to be most convenient, Our 
recent remarks on the spindles of milling machines, 
and of the framings and bracings of pillar and knee 
machines, may be suitably associated with the views 
here given of one of the recently improved machines 
of this class, manufactured by Messrs. J. Parkinson 
and Son, of Shipley. 

If we compare the best milling machines of the 
present with the best of, say, only ten years ago, 
the differences are i One of cardinal 
importance is, that the feeds were then commonly 
derived from three-stepped belt cones located at the 
rear end of the main spindle, driving to reversed 
pulleys on the telescopic shaft. Chain drives were 
substituted to avoid slip. Both being derived from 
the spindle speeds, while suitable for average or mean 
speeds, failed to give the best results at extremes. 


Fie. 297. 


Using a large cutter requiring a slow spindle speed 
the feed would be too slow. With a small cutter 
running at a high speed the feed would be too fast. 
Further, the necessity was imposed for effecting belt 
changes, @ practice which is not in harmony with the 
views now entertained respecting rapidity of move- 
ments. At present feeds are gear-driven in all new 
machines, independently of the speeds of the spindle. 
Simultaneously with this change has grown that of 
giving far more prominence than of old to the rates 
of feed than of revolutions of the cutter. Maximum 
rates of from 12 in. to 14 in. per minute compare 
with maxima of, say, from 2 in. to 3 in. in the older 
designs. It is also usual to refer the capacity of a 
machine to the amount of metal which under test it 
will remove per minute. Thus in one of these Parkin- 
son machines, using a slabbing cutter, on cast-iron, 
a cut 4 in. wide, } in. deep, taken at a feed of 12} in. 
per minute, removed 12} cub. in. of metal. 

With such a remarkable growth in cutting power, 
there results the needs of ample driving power, 
greater stiffness and strength in spindles and fram- 
ings, involving a remodelling of many details, and 
the selection of the best grades of constructive 
materials. Only in broadest outlines, therefore, do the 





later machines resemble their still recent prototypes. 


The photograph, Fig. 297, illustrates one of the 
Parkinson Universal millers, some details of which 
are shown in the drawings following. The size of 
this example may be estimated by the following 
working dimensions. The table has_a power-feed 
of 36 in., a 12-in, power cross feed, and 20 in. is the 
maximum distance from the top of the table to the 
centre of the spindle. 

The column is of box section, braced with internal 
flanges, and: continued above the headstock and 
spindle to receive the overhanging arm, which can 
be adjusted horizontally, and clamped through split 
lugs. The base is a separate casting attached to 
the column by screw bolts, inserted from within the 
latter, and flanged externally to prevent oil or water 
from messing the floor. The knee is of box section, 








with interior ribbings. It has a long bearing on the 


Parxinson Universal Mintise Macaine. 


vertical slide-way of the column, extending con- 
siderably ‘above the top of the knee. The thrust 
of the telescopic screw is taken on a' ball race. The 
brace binds the over hanging arm to the knee, and 
secures the arbor support. The worktable is of 
section sufficiently rigid to resist the tendency to 
spring under heavy cutting, and when loaded with 
fixtures. Adjustable taper gibs provide for wear. 
The tee slots for the bolts are cut in the solid. 
The top surface is ground. 

From these broad features we pass to the details 
illustrated. Commencing with the spindle, this is 
shown by the photograph, Fig. 298, with its fittings, 
dismantled, and by the drawings, Figs. 299 and 301. 
It.is made of nickel steel and ground. Its front 
journal neck is conical, the rear one is parallel. 
The hinder bearing is split, to be closed in by the 
tightening of its nut and its tapered exterior. The 
front bearing is solid, to take thrust longitudinally. 
Lubrication is from oil wells, with external drain 
plugs seen in Fig. 299. The pads may be noticed 
in the bearings in Fig. 298. The spindle is hollow 
to receive the bolt that draws in cutter arbors. 





Tt Has also a large flange, solid, at the nose, shown 
separately in Fig. 300. A slot is cut across it to 
receive the hardened steel keys. These afford a 
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te face mills and cutter arbors, which | enclosed’ dnd protected by the column: The|. The gears in the feed-box are driven by the ‘belt 
slots in their collars, and’ dre thet ty ditvelr by dhe cons! phiion’ td abvegs pulley to the right, from the While 








}ooThe on the same shaft that drives 
the front wheel is slid in‘and out of mesh by the lever 
beneath, and seen in the photograph, Fig. 297. On 
this machine, two rates of back gear speeds are pro- 
vided, one being in the 'ratio of 13+ regres 


won Rig, 299, 











the machine is running, the pulley is clutched to the 
driving wheels in the gear box. When the machine 
stops, the pulley is automatically declutched from 
the driving gears, and the feed ceases to operate. 
Sts driving chat, Fig ae aT 
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in contrast with, the email steps that have, dis. 
appeared from these machines, and the lathes... The 
distributing oil channels for the bearings of the cone 
are seen in Fig. 298. The locking plunger, Fig. 299, 
will engage the cone in either one of six positions, 
Fig.”'301, Oe eso arcs Bh oda v5 
position of the back gear underneath the cone pulley, 
sar «ital Ha hte fll, 


ghar outside, in 
derived fom ‘the lathe model: 





Re . hye 7 














' 


1:,11+2.,, A: speed index plate, seen in Fig. 297, 


shows the spindle speeds for each position of belts 
and gears, corresponding with the locations of 








damage |in the event of failure of the main drive 'to 
the spindle, without interfering with the regular feed 
control by the trips and automatic stop onthe table. 
The mechanism is shown by Fig. 302: ; 

















by 


goes through it which is not.revolved separately 
py ate ancy This carries .a cam. at the 
left-hand end, and a clutch at the right that engages 
the feed-driving pulley. The cam is enclosed by a 
revglving drum, in which @ number | of,, round, 


speeds up the traverse of the table. 
When a countershaft is used, err 

box unit; bolted overhead.’ It is driven’ 

from the line shaft, and drives at the | 





from a stepped cone pulley to the cones i 
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or 301. Enclosed in the box are speed-change gears, 
to give two-rates of speed to! the cone’ pulley in a 
forward direction, and one rate in the reverse 
direction, so that the spindle ean be ‘driven clock- 
wise, ‘or the opposite way. The countershaft also 
drives continuously the belt for the independent 
feed. The gear-change control is interlocked with 
the starting lever, so that gear changes cannot be 
made while under load. 

The general arrangement of the drive, and the 
adjustment for the spindle bearings is shown by 





Fra. 303. 


Fig. 305... The driving pulley, at the rear, making 
350 r.p.m., ruhs on Tadial ball bearings. It is con- 
nected to the first motion shaft through a friction 
clutch, with means of adjustment, and is operated 
hy a lever within easy reach of the attendant at the 
front of the machine. When this is disengaged the 
driving pulley is the only element in motion. The 
first motion shaft, and gears for reversing the 
direction of rotation of the spindle are self-contained 
in a bracket attached to the column, and the pull of 
the belt is taken by the bracket. The space between 
this and the machine spindle is occupied with the 
sliding gears below, and loosely-running transmission 
gears above, these being on a fixed shaft, and free 
from torsional strains. The bosses for the shaft 
are cast solidly with the column. The spindle gear 
is’ the largest that the overarm will admit. The 
smaller gears are made of a heat-treated steel, 
andthe larger of a high-tensile steel. The teeth 
are cut with a 20 deg. pressure angle, which, avoiding 
undercut, increases their strength. A reservoir for 
oil is arranged within the base of the column, and a 
pump is fitted driven from the first-motion shaft, 
that lifts the oil and sprays it over the gears in the 
column. The arrangements for the lubrication of 
the main spindle are shown in Fig. 299. 

These: machines are modified in design for oné of 
three methods of driving, which of course makes no 
difference in the work-carrying elements, the table, 
the slides, the knee, the dividing heads. If driven 
electrically the motor is mounted on a platform 
provided on the top of the column. The motor is of 
constant speed, and drives. to a pulley below with ‘a 
belt; having provision for adjusting the tension. 
Or, the drive may be from the main line shafting to 
the single pulley, the drive in each case being that of 
Fig. 305. This avoids the use of a countershaft, 
speed,.changes being effected by the gears, lever 
operated, and the machine being started and stopped 
by the friction, clutch. The feed are 
independent of spindle speeds. The full power of 
the driving belt is always available. 

A glance at the photograph, Fig. 297, will show 
how, conveniently hand wheels and levers are 
disposed within reach. of the operator. The dials 
for the various hand wheels are graduated to read in 
1/1,000 in. ; 

The, fittings and accessories are characteristic of 

requirements of: a |modern machine.. The 
Universal dividing head has a spindle range from 
10 deg. below the horizontal to 30 deg. beyond the 


index plate with holes on both sides is carried directly 
on the worm shaft, so that dividing is.direct without 


having to pass through gears. AH acs 
divisions can thus be obtained up 


bimations..of circles with straight lines..|The rime 
of the tables are graduated in degrees, and a large 
size of table,.18 in.yeast be fitted with a-chaindriven 
id biped georsa dite sibniqe odt ot b 


yJiole ; t od 


dy 9 ; 





to 60, all even: numbers and those 
divisible by 5 up ‘to, 120, and 
divisions mostly used up to 400. 
In addition,,.@. spegial mandrel is 
provided, to fix in the rear end 








of the spindle for differential in- 


} ae ty 











jew yor 























dexing. Change gears, and quadrant plates are 
provided for gearing up ‘from ‘the table~ screw 
to the change wheel stud on the dividing -head 
when cutting spirals. A range of arbors both for 
edge and face mills is provided. Vices with plainand 
with swivel bases are supplied. ' There ig a ‘vertical 
spindle milling attachment, and @ universal angular 
attachment. Rotary ‘tables are provided to be 
mounted on the work table, rotated by hand through 
worm gear, for use with the vertical spindle attach- 
ments for milling ‘circles, circular slots, and corh- 





power feed. Attachments for rack-cutting, for cam 
niifting’ and’ fixtures for ‘milling flats, squares and 
hexagons, erilarge the utilities of these machines. 





_ RaameRaree _s TION, OF, THE. OrowEN Ratuwax-—The 
Ni i Storthing ion the electrification 
Sone Meigs nar dasa 
thé railway for ore f 
Narvik, in. continustion ef the Swedish of the 

. which hes already beds 
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HERCTS IN “MOTOR. VEHICLES AND 
ihn es) ml 
By F. Srriexnann. 


(Continued from page 204.) 


Wheel bearings.—For the ordinary touring cars 
the ball-bearing was far the most common form and 
worked excellently if well designed in detail. For 
the; lorries, on the other hand, there’ were four types 


Fig. 6.” 
: - 


, 
soe) ae et ; 


pot. 




















Fig: 17 
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of bearing in genera)‘ use, namely :—(1) 


; (2). Floating -bushes; (3) Ball 
bearings; (4) Tapered roller-bearings. _The _ first 
is the ordinary bronze bush, which was made a 
driving fit in the wheel and ran on a steel axle. 


bronze bushes; 


This worked quite satisfactorily and proved tl i 


durable and cheap to renew. It appears to 

desirable that the bush should not be too thin and 
that it should be a good driving fit in the wheel, 
following in this ‘way the practice which has been 
found, most .eatisfactoty im other branches of 


Ftc tment Silt wlth 
War Offite as’ the standatd on the’ 


0 
| fi 
A 


| "| the load, “Probably the 
| most durable was th 
Timken type. ‘This was used on a great number of job. 


by the’ 
y type! 


Velticles and appeared to be very inferior to the first. 
In ‘place of the bush ‘being « tight fit in the wheel, 
itisa fit in both the wheel centre and on the 


| | axdey > The® of this is that the bronze‘ bush has 


both an internal wearing surface and also an external 
one. -It is therefore a distinct variation of ordinary 
engineering practice where bronze is seldom used 
as an external wearing surface. Thus it is quite 
usual in engineering to use a steel pin running in a 
bronze bush, but it is not usually considered 


Fig.19. 
Sona 



































en rap Aid Mad ae telat 
b Hili | 


ren anronrrtrerr pete rita tim te Memeo ow 
rdinary e practice was right and that the 
oatin hen. eran 95300 as ah the fixed one. 
r disadvantage of the floating bush is that it 
entails three wearing parts which have to be perio- 
dically bli dbd ti fuel of two. With fixed bushes 
the only we parts are the bush and the axle, 
while with the’ floating bush the wheel centre wears 
as well. 

Ball-ber proved ‘quite satisfactory if made 
large eno 
They are, however, somewhat complicated, as it is 
desirable to have’ some form of thrust bearing to 
take the end thrust as well as the bearings to take 
which was the 
tapered roller bearing of the 


the American lorries and stood up to its work very 
well indeed. ‘Being 4 tapered bea it can 
take both radial load and a considerable end thrust, 
hence there was no reason for a separate thrust 
It is ‘also adjustable, so that a certain 
amount of wear can be taken up. 
Comparing the roller type bearings with the plain 
“thete a , as far as the experience in 


i 


is ‘very small, On ‘the other hand, the or 
ball- considerably heavier if carried 
out sale’ an 6 e Gecla tl This extra 


g is 
cat si hill, 
ater résistance u greater 
‘wear, &c. The lah bh cons ite ages 

i réhewal and is probably, therefore, 





‘}inversely as their v 


or their work and properly arranged. | ®PPeers 


‘of some 





a" 


| 
3 Fe 


gE RE 
‘eR FS 
= 2 
lta 
4 
5 
5 
f 


Frega* 
a < 
55 : 


4 


a* 

the stub-axle, but a careful consideratio 
show that there are great advantages in having the 
jaw onthe axle as in Fig. 16, If we consider the 
load on the bushes we see that it varies practically 

ical distance apart. A. 
the. other hand, it is increased by in 
distance 


made of H section, and there} is ample room for 


reputation required these parts to | 
six months. This should be quifé tmnecéssaty. 

Where the jaw is on the axle the pitimay either be 
fixed in the stub-axle and the bushes be in the jaws 
a sort pin may be fixed in the jaw as 
Fig. 18, former seems distinctly the better, as 
it is not easy to so fix the pin in the jaws that it does 
not get loose. Further, with bushes in the jaw 
the distance A is inereased and the pressure on the 
bushes therefore reduced. ; 

A point of some importance in connection with 
je) eee pot SR 16 the stub- 

le is a cheaper part to produce than that shown i 
Fig. 17. “This-is a matter of some importancs; as 
the stub-axle is liable to get worn, whether plain or 
roller-bearings are used, and may. have to be 
renewed in consequence. 


reriewed every 


kind, but the former may be, and sometimes 
are, ordinary pin joints. From the point of view 
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both of production and soon the | able, . “Alloy, stools, spch ae. appees.to ve been used ine i and that 
number of spare parts, it a spar bat to make the | will, no _ecaeenpneremniepeneenen Score te ean 
Peete hangeable with those Hee ot JOR surreal in. manai speitians unt, be syndto to aie ce to some 
of the s ut it, not appear to be, certain 1eyare | part of the specification... 

‘There Sty shies tatty three forms of stosring | oint, | as reliable under, constant. vibration,.and it is even | The decisi uded wi . the, statement that 
namely, the universal pin joint, Fig. 20 ; the pad-ball posse that the. best, results would be. gat with the form of* “pro meets the require- 
joint, Fig..21; and ball joint with’ a bear- | really good, wrought-iron, ments of the United States law, and ‘in i 


ing, Figs. 22 and 23. From a mechanical point of 
view the latter appears to be very distinctly the best. 
The pin type of joint is difficult to lubricate properly, 
and it is not easy to fix the pins in the jaws, so that 
ingly ot very much wed. The ud type Pig 
ingly not very much used. pad-type 21 
used véry largely, and is almost universal on 
Buropeda che dark, Whoo; on the whole, it works 
pretty well. It was not so satisfactory on the 
lorries. 

The great objection to it is that the wearing parts 
do not completely encircle the ball. Hence it is 
very difficult to keep lubricant between the surfaces, 
and with a constant oscillation of the joint round a 
small arc, the ball gets worn into ridges, somewhat 


24. If it is allowed to get an like as 
pb shown, the Witigionet ike per Soar 
































gréase is fed in periodically it can be kept free from 
grit, and thoroughly lubricated. It is therefore very 
durable, and for commercial vehicles is thoroug 


very particular about small rattles. With the pad 
type of joint, Fig.'21, the springs prevent this. It 
seems; however, as if it should be possible to keep 


the cuvert m@ ined 
was a. certain 


of the arms is very low these appear to be due solely 
to cracks caused by vibration. A typical instance 
is the steering-arm shown in Fig. 25, where a crack 
formed at A at the end of the keyway and graduall 
spread through the arm. In this instance the 
was inside the stub-axle ; it was.not visible unless 
the ateering arm was, withdrawn. 

In, some, cases there appears no reason why these 
arms should orack unless the material was. unsuit- 


(To be continued.) 





Tt ; 
PRECEDENTS. 
Tr is well known that as a nation we 


are 
controlled and our Gockalans d by babii 


ion for some- 
sesSat io poss 
In other words, we’ are réluctan 


it.iff there be no 
to the contrary, 
point or to vary an | ou 


to decide a new 













ion was given in 1917 
2 whet 


patent prapticé; the claims 


halle drawn: pendently 

sh ge 

; On intended 

im, ‘Thus claim | may in- 

}-of a dozen elements, 

the same oe 
- more elements, 


scope of such a naa 





to be covered sae the 
clude perhaps combinati 
and claim 2 might inv 
with the addition of one 
before one can appreciate the) 
claim, one must by a kind 
separate out the elements 
procedure gre etc ey for a ork 
would be to Fe he 2 asa claim to the *o 
bination clai sat hen 

whatever elemen desi 

would stand out definitely. : 

Now it appears that Sah toon the United ‘States 
Statute does not specifically state claims must be 
drafted in tha foe above tebeived te, yet as a matter 
of practice this hag been insisted on since 1873 owing 
to a decision with reference to an tion, in 
the name of one Sexton. Recently, however, an 
applicant, Brown, lodged an application for a patent, 
relating to a special construction of metal car roof 
in which there was.a dominant feature of the fasten- 
ing of a rigid roof to the car body loosely by way of 
car line braces. There were in addition two sub-, 
sidiary inventive ideas each involving a combination 
of elements. Contrary to the accepted. practice, 
the applicant refused to put his claims in the form 
of a series of combinations independent of any, 
reference to one another, but put them. in what 
would be understood as, British form from the 
indication given above, because he considered among 
other, things, that that were. preferable. The 
Examiner rejected the application and an appeal was 
lodged to the Assistant Commissioner. 

Some remarks, of his are very much to the point 
in, the matter, of He states: “ The 
case is remarkable use in this rejection 
the Examiner shows that he makes his, ruling by 
force of precedent and against his convictions. 
The form of claim would meet with his approval 
except for the general office practice w: has 
followed the ruling in Sexton since 1873.’ 

He then goes on to deal with the decision in Sexton, |, 
scot Made teen tak socteeeak eek ok the decision }, 
of 1873 as to the form of claim was in fact an obiter 
dictum. It merely stated that the claim as it 





| originally stood was awkward in form but. itself 


seems to meet the objection by a suggestion as to| 
the interpretation of the claim and the decision 
did not hold that the second claim, which, 

to the first claim, was inoresnietn but, only that it 





he case 


lander sohelderation! eleariy phe bob wBetivienion, 
«| soft iswell ‘for inventors ‘to kiow that) if 
| wish they may: 


they 
‘proceed in the United States ‘on the 
line of their B British claims to a ben hy much greater 













extent than has been perry ea otere , and, 
te diane. the wee i hi nr generally 
mage me ut ; bound by 
precedent. ’ 
THE AsLYSi8 07 vip pars MaDe 
L oon atid 9 yield tests 
penta heetien. <0 , 
‘ rn TN) 0 e's nite BO 
ap ascertain MUNN wie » suitable 


a poy: mater sufficient for 
the water of a | town..in South India 
The e or test well, | . internal 
diameter, was sutik 18 . in depth into the 
disintegrated rock ; : vent pollu- 
tion from surface and subsoil the stiming 
of the well was an imp 


2 ft. in thickness. Fig. 1, 
shows the levels of the well and thi 
passed through. The first yield tést was made on 
July 20, 1917, the ground “water rest level being 
538-65 before pumping was started. The water 
was pumped out of¢¢heowell, and in 55 minutes the 
water level was redi t@ 527-04, onthe, well was 
practically pumped. /The pump used was a 
No. 6 pulsometer - with a boiler pressure of 
80 Ib. per square/i to 70 lb. per square 
inch, as stated a bal Surveyor who carried 
out the yield from the pump 







was reported to mat, giving a depth of 
“ah in. over a ‘Y-notch which was 
ui, | “Shmatod by the tobe equal to a discharge 


this | of 135 gallons a minute, The reduction of water 
level inthe well for every 5 minutes the 
pumping a’ was stated by the surveyor to be 
acdording to the statement below :— 


Statement [9 —————-— 




















Time in minutes ..— ..| 6 10 15 20 25 
Reduction = water j 
feet é XS +} b62 | 1:46 | 1.87 | 1.29 
Time in minutes ..| 30 35 40 45 50 55 
Reduction of water ; : 
level, feet --] 1.04 | 0.96 | 0579.).0.75 | 0.70\|.\0248 














The water level in the well was jowered 11 + ft. in 55 winutes. 


The well was allowed to resoup and the water 
level rose from lével 527+37 te 96-3 35 in 2 hours and 
55 minutes. f 

Av second yield test was made on 















3, 1917, 
when the ground water was its lowest 
The same used, ‘water level 
reduced from 538:27 to 526-69 } minutes 
Sta Hh. shows the red in water 
level in the every 5 ascribed by 
the surveyor who conducted the yi oy 
Statement Te 4S 
Time in minutes .. met Se 20 | 2 
Reduction of water level, : ’ 
fet. ew} 1,8 | pAs4%| 1-12 
Bn 90h 85 fo Mh 4 fj 5Op ihn 58 
ie of “yates 
1-08 | 1,06:) 0.96') 0.08 0:87 























The water level in the weil was lowered 11.58 ft. in 55 minut s. 


‘The well was allowed to, recoup, and the water, 
evel in the well rose from 526-98 to, 535-66 in 
3 hours and 10 minutes, 

2. As shown in a previous article (vs page 153 
ante), if p is the rate of pumping in cubic feet, per 


hour, © \the: specie yield of the water bearing soil 


ell of 1 tt. 
Sop rere ooh nme, the lh waders bel A 


1A, 
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area of the well in square feet ; and if in any time ¢ 
hours the water level in the well is reduced 'h ft. : 
pdt=Adh+Khdt 


If we have observations showing the reduction of the 
water level in the well or dh for small intervals of 


time @ t, © or the specific yield of the soil can be 
ascertained, #.e. : 

p_ ah 
(gr 33) 


K_1 
A ® 
If there is no spring flow into the well, * will 
represent the uniform rate at which the water level 
will be reduced in feet per hour. 
Statement I can be arranged as. below : 





a 
Diriziiiz 
is |i2 |i is 2 
1.29/1.17/1.04 0.96,0.79 0.75) 0.70) 0.46 
5.74|6.91/7.95 8.91 9.70 10.45)11.15 11.61 


0.18|0.86|0.50 0.56 ‘Ss 0.74| 0.72) 0.95 


1 ion 
iz 2 
ah| 1.62 1.46)1.87 
h | 1.62 3.08 4.65 
RMLs 0.83 0.013 


| 


1 
iz 


1 1 1 


- tinie 

















) = 





j  ® As calculated. 
lt is obvious from the statement that the values 
of dh as observed for the first two intervals of 


5 minutes w % hour are incorrect, for if, as stated 


by the surveyor, the pump was discharging at a 
uniform rate of 135 gallons a minute, w hin 5 minutes 
amounts to 108 cub. ft., and there was no spring 
flow, the water level in the well would be reduced 
1-375 ft. and not 1°62 ft., as recorded by the 
surveyor. Itis probable, that at the commencement 
of pumping the discharge was greater than that 
given by the surveyor and gradually grew less as 
the pumping went on; .and that the depths on the 
rectangular \/-noteh were.not observed with that 
close accuracy so necessary in all scientific observa- 
tions. ; . 
Turning to the test, the water level 
rose from level 527-37 to 536-35, or 9 ft. 
2 hours and 55 minutes, the rest water 
538-65. As already shown : 


In this case 


H= 11.28 A=2.30 t= 292 


pancy, 
of water level in the well for 
of time is greater than that given 
discharging at the rate of 135 gallons a 
In the recoupment test, which is more 
water level in the well rose from 526-96 to 535-66 
in 3 hours and 10 minutes; the rest water level 
being 538-27. Using the same formula as in 


first experiment, r works out to 0:46. The mean 
of the two experiments gives the value of F for the 
soil as 0-5. Assuming this value for *,, the rate 
of pumping in the first experiment when the well 
was teduced 11°61 ft. in 55 minutes or 0-9166 
hours, would be : 
agg < 
“toolpe 0p al 
Il—e A 
h = 11.61, t = 0,9168, A= 78.54, and 5 =10.5 
. p = 1,240 cub. ft, per hour. 

The rate of pumping given by the surveyor works 
out to 1,296 cub. ft. per hour. ing for errors 
of observation the difference is not great, and the 
calculated rate of discharge is probably the more 
correct rate of mean discharge of'the pump. 

The time of total recoupment of the well is given 
by the formula : 

A H 
ar 
By making A very small, say 0-1 for disintegrated 
granite, H being = 11-29, 
{ = 9} hours, 
The time oecupred in pumping being taken as 1 hour, 
the safe yield from the well would be 1,260 cub. ft. 
in 10} hours, or the safe yield from the well would 


in a. unit. of time through a cylinder of the soil 
} one unit in length, one unit cross-sectional area, and 
under a unit difference of pressure at the ends of and 


just inside the cylinder, with the specific yield w 
of the soil in the case of the well under consideration. 
The discharge into the masonry lined well 
through the bottom of the well is as already : 

= 2Mn { rloge © - (ra } 

a 
where M is the modulus of the soil. 
In the experimental well under consideration 
re 5+ l= Cit. a= 1 ft, 
*, 2 { rlog. 2 -(r-«) } = U5 

2 a 
‘and the discharge = 11.5 M h for any static head 
h. The discharge is also = K h. 


. ISMAs Kan ™ 


3. In, the equation pdt=Adh+KaAdt 
4 * [p—Kh 

dh (=) « 
adh is @ maximum when / = 0, and there is no 
spring flow entering the well and dh =0 when 


p =K&, or when the rate of pumping equals the 
rate of spring flow and there is no further reduction 


of water level. 
e( = ‘) 
a yt 
h i 1 7 


his maximum when ¢ = oe and is the maximum 
value of h. If D isthat depth below rest water level 
in the well when the spring flow entering the well 


AXA 


7 
% 


¢ A= 78.54 
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2. ie. ee 
the rate of pumping, and no further reduction 
water level takes place, the equation above may 


be written 
(:-<f') 
A= D l—-e A 
In the case of the well under consideration, 
assuming p = 1,240 cub. ft. per hour; and = = 3, 
values of h and dh are calculated for intervals of 
5 minutes w hour, and are plotted in the accom- 


panying diagram, Fig. 2, together with the values 
of h and d h as ascribed by the surveyor, and given 
in Statement L 









a 


fully employed is not very différent, since, with 


Assuming * = i it is possible to calculate the|electrié heating, the heat is generated just where 
rate of pumping for each interval of time of Maun we ee ws mp ene ~ ' Prohpme:, be 
5 minutes from the reductions in water levels given |" So" hi Per The labo pega vd 
in Statements I and II. P Ri Whi «2 mt. Conte ane 
5 ah ‘a Wag ety ir Digs —mtiay Fy 

fen 2 = AT +Kh total cost of the labour includes. that: e in 
cleaning off scale, s tening warped pieces, 


and a wide field is open for checking notch and weir 
discharges, by pumping from a well, where the 


specific yield of the soil © has been ascertained 


by carefully repeated recoupment tests. 

The flow of ground water apparently follows laws 
similar to those governing the flow of heat and of 
electricity, and there appears to be still a great 
fiéld open for investigation of the water- 


turist and the civil engineer. 5 w, 
yield of the water-bearing soil of any area, can be 
ascertained by sinking pipes of convenient diameter 
into the water-bearing strata to the required depth, 
pumping or baling out the water from the bore 
holes so formed, and noting the time of recoupment 
to different levels in the pipes. 

4. To com M or the modulus of any soil, 





be from 2,400 cub. ft. to 2,500 cub. ft. in 24 hours. 


or that quantity of water that would be transmitted 


capacity of localities of interest both to the agricul- |. 


unnecessary 

along the lines which Mr. Yale advocates. Taking 

the case of such articles as automobile gears, it is 
electrical 


stated that two men can, with the method, 
Soe Fone Fon I and 2,400 Ib, of treated metal per 
iy: 
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SUBMERSIBLE ELECTRIC MOTOR PUMP. 


MR. T. L. REED COOPER, ENGINEER, WESTMINSTER, LONDON, §,.W.1. 
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We recently had an opportunity of inspecting a new 
combined electric motor and centrifugal pump designed 
by Mr. T, L. Reed Cooper, 11 Tothill-street, West- 
minster, London, 8,W. 1, and intended especi for 
working submerged in connection with marine salvage 
operations, pumping out ships’ bilges or flooded mines, 
and for any other similar purposes in which it may be 
convenient to employ a pump capable of working 
“ drowned,”” The pump will, heuer: work equally 
well above water, so that it also forms a particularly 
neat, compact and easily portable unit for ordinary 

ing work wherever alternating current power 

is available for running it. 

veral interesting and novel features are included 
in the design of the pump, which is shown complete, 
but with the rotating parts partially removed, in hig. 1, 
above. The design, however, will be best understood 
from an inspection of the longitudinal section Fig, 5, 
on the opposite ‘page. “It should «first be explained 
that the pump comprises a three-\»hase induction motor 
having a squirrel-cage rotor, to one end of which the 
pump im is attached, while the volute chamber 
and delivery connection are formed in the end cover. 
The suction connection is formed in the other end 
cover, and the water in a longitudinal direction 
through helical in the rotor to the impeller, 
as be clear from engraving, Fig. 5; the main 


pum 
oupp 


dimensions of the pump are also given in this ilustra- 
tion. The most important feature of the design is the 
method employed for preventing water from reaching 
the stator windings and laminations, which, for this 





purpose, are contained in a closed annular chamber 
practically filled with transformer oil, It ‘will be 
remembered that in other motors of this type water is 
allowed free access to the stator windings, which must 
therefore be insulated with rubber. Rubber insulation 
is, however, comparatively bulky, so that large slots are 
necessary to contain a given number of conductors, 
and, consequently, the stator teeth between the slots 
must be made narrow. This.is objectionable electri- 
eally because of the high flux density produced, which is 
rapidly increased by the corrosion of the laminations ; 
corrosion also renders frequent renewals necessary in 
some cases. In Mr. Cooper’s motor the insulation of 
the stator windings is of cotton, as in an ordinary 
induction motor, so that the slots can ‘be made of the 
usual dimensions, and corrosion of ‘the stator lamina- 
tions is completely avoided by the fact that they are 
immersed in oil, This feature of the design also 
enables high voltages to be used directly in the stator 
windings, and has the additional advantage of readily 
conducting the heat from the latter to the casing and 
thence to the surrounding water when the motor is 
working submerged. 

The formation of a closed chamber round the stator 
windings was, however, a rather more difficult matter 
than would appear at first sight. For efficient working 
it is necessary to keep the air gap between the stator 
and rotor as small as possible, so that as one of the walls 
of the chamber must come in. the air gap, a material 
having a high magnetic permeability must be employed. 
The use of ordinary sheet iron or steel for the purpose 
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would, however, be inadmissible owing to the corrosive 
action of the impure water with which it would come 
into contact. The rotating field from the stator also 
gives rise to eddy currents in the material in the air gap, 
and as these, ceteris paribus, will be proportional to the 
conductivity of the material, the latter property should 
be low, to avoid heating effects and losses due to this 
cause.. Experiments were made with many different 
materials in an endeavour to select one having the 
desired combination of high permeability, low con- 
ductivity, and resistance to corrosion, and a special 
steel alloy was eventually obtained having the desired 
properties, so that the efficiency of the immersible motor 
is not greatly inferior to that of an ordinary squirrel- 
cage motor having the same output. The special alloy 
is in the form of a thin cylinder in close contact with 
the stator laminations and surrounding the ae ~— 
the necessary. running clearance. It is sec y 
flanged rings screwed to the yoke at each end, as will 
be understood from Fig. 5. The half-tone engravings, 
Figs. 2 and 3, respectively, show the stator before and 
after the casing has been placed in position. To allow 
for the ex ion of the oil in the chamber a flexible 
steel diegkenen was: fitted in one of the flange rings 
supporting the chamber, as shown on the right in Fig. 5, 
but this device was found to be of insufficient capacity, 
and the air vessel shown in most of our illustrations 
was i added. This, however, is ——. 
a arrangement. only, and it will be rep in 

eaeaed by an. air pocket formed in the yoke 
easting so as to avoid projections as far as possible. 
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SUBMERSIBLE ELECTRIC: MOTOR: PUMP. 


DESIGNED BY MR. T. L. REED COOPER,{ENGINEER, WESTMINSTER, LONDON, 8.W.1. 
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An air vessel such as that shown would, obviously, 
be an undesirable feature on a pump intended for rough 
usage. 

In the rotor no attempt is made to prevent 
the water from reaching the laminations since there is 
no difficulty in insulating the conductors, which 
are solid copper rods, and the effects of corrosion, 
if it should occur, are much less serious than is 
the case with the stator; the water, in fact, has 
the useful effect of keeping the rotor quite cool. 
The rotor shaft is carried by a plain ball 
at the suction end, and in a combined ball thrust 
radial bearing at the impeller end. Both bearings are 
completely enclosed in boxes filled with grease com- 
pressed by spring plungers, the stems of which protrude 
through the box covers and thus serve to indicate when 
the supply of grease needs to be replenished. The 
thrust bearing at the impeller end is mounted in an end 
cover attached to the volute chamber casting by means 
of studs, and a feature of considerable tical 
importance in the design of the Pump is that the whole 
of the rotating parts, including both bearings, can be 
withdrawn ily, without disturbing the pipe con- 
nections, by removing the nuts from the studs Holding 
the cover in position and taking off a ring nut at the 
suction end shown in Fig. 5. It is thus an extremely 
simple matter to inspect the rotor and bearings or to 
clean the water passages when necessary, although the 
bearings can be examined without taking out the rotor 
if desired. Fig. 1 illustrates the operation of removing 
the rotating parts, and Fig. 4 shows the rotor, impeller 
and bearings completely withdrawn from the stator. 
Fig. 1 also shows the watertight plug and socket 
connection for the electric mains. The latter terminate 
in three pins in a hemispherical flanged casting, the 
three pins fitting into corresponding sockets carried by 
an insulating block in the yoke casting, and shown in 
Figs. 2 and 3. The two parts are held together by 
three swinging bolts, and a watertight joint is made by 
means of a rubber ring. 

The pump illustrated weighs 8} cwt. in working order, 
with oil in the chamber. It is fitted with 5-in. suction 
and 4-in. delivery connections, and its capacity is given 
as 370 gallons per minute, or 100 tons per hour, against 
a head of 75 ft. ; smaller and larger sizes can, however, 
be made with capacities ranging from 50 tons to 
350 tons per hour at the same head. The maximum 
overall efficiency claimed is about 44 per cent., which, 
considering the special design of the motor, and the fact 
that the figure includes the efficiency of a comparatively 
small centrifugal pump, seems to be a fairly reasonable 
figure. . We have ourselves witnessed a test in which the 
above-mentioned figure for overall efficiency was 
approximately reached when the pump illustrated was 
delivering 120 tons per hour against a head of 83 ft. 
There is, of course, no difficulty in keeping the motor 
cool for an indefinite period when it is running sub- 
merged, and, when working above water, the cooli 
effect of the water passing through the rotor and en 
covers is sufficient to reduce the temperature rise to 4 





Pa 


very low figure. In a 5-hour run at full load, with the 
pump above water, the temperature rise in the oil 
‘surrounding the stator windings would be in the 
neighbourhood of 30 deg. F. Another point, which 
may be referred to in conclusion, is that pump can 
be easily adapted for handling weak acids and 
other corrosive liquids by forming the casing and pump 
parts of suitable materials and using the special 
incorrodible steel alloy for the rotor laminations. 





INDUSTRIAL NOTES, © 

Tue Ministry of Labour state that employment 
continued good, on the whole, in July. In cotton 
weaving industry, the linen industry, the fancy lace 
trade, and the boot and shoe industry, however, it was 
slack, and in some other industries there was a slight 
decline from the high level of previous months. The 
percentage unemployed among workpeople (skilled 
and unskilled) covered by the Unemployment Insurance 
Acts was 2-73 on July 30, as compared with 2-62 on 
June 25, and the percentage unemployed amongst 
members of certain trade unions men Ae skilled 
workpeople) from whieh statistics are obtained was 
1-4, as compared with 1-2 in June and 2-Qin July, 1919. 
The number of men and women on the live registers 
of the Employment Exchanges was 271,504 at July 30, 
as compared with 287,003 at June 25. 

The number of trade disputes involving stoppages of 
work, reported to the department as beginning in July, 
was 147. In addition, 118 disputes which began before 
July were still in progress at the beginning of the 
month. The total number of workpeople involved in 
these disputes (including those thrown out of work at 
the extablishments where the disputes occurred, 4hough 
not actually on strike) was over 90,000, as compared 
with about 128,000 in the previous month, and about 
839,000 in July, 1919. The estimated aggregate 
duration of all disputes during the month was about 
908,000 working days, as compared with about 1,257,000 
days in June, 1920, and 8,018,000 in July, 1919, when 
disputes were in‘ progress in the cotton and coal-mining 
industries, involving large numbers of workpeople. 

In the industries for which statistics are available, 
changes in rates of wages reported to the t 
as having been arranged to come into operation in Jul 
resulted in.» total increase of nearly 200,0001, « week 
in the wages of nearly 500,000 workpeople. The 


principal bodies of workpeople affected were building 
trade tives in Scotland, tin- workers in 
South Wales and Monmouthshire, flour-mill workers 


in hours of labour affected over 11,000 
r and resulted in an average decrease of 
nearly 24 hours in their weekly working time. 
The average level of retail prices (including those of 
Jaly Bl, a0 dicated by the statission propased bythe 
31, as indi ics 
mi of Labour, was about 155 per cent. above 


generally and workers employed at gas undertakings. 
¢ 
wo 





the level of July, 1914. For food alone the average 


which are now before the country. 

Mr, W. C. Bridgeman, M.P., has been —— 
Secretary of Mines, and Major Sir Lioyd- ° 
KBE. MC, MP., Par balan de to the 


Board of Trade, in succession to Mr. Bridgeman. 
iF 


on, all foremen over electricians being union 
members, a de from the practice. hitherto 
observed which the employers consider it essential to 


resist. The point at issue may lead to a lockout, 
Meetings were held in London and Manchester last 
Tuesday, following which a committee has . been 
appointed consisting of two representatives from each 
ot the eight unions whose members would be involved 
in the event of a lockout occu eg hpedy yore | 
trade, with instructions immediately to get into 
with, the Electrical Trades Union, the Amalgamated 
i ing Union and the lron and Steel , 


Workers is. relative to the threatened lockout. 

Captain W. G. Barnfield, the Yorkshire representative 
of the London Coal Association, and member of the 
West Yorkshire Anti-Nationalisation Pro 
Committee, speaking last week at Hull, at a meeting 
of the Humber Coal Exporters, stated that after recent 
investigati in the West Riding colliery districts, 
he could say that. opinions were divided as to the 
threatened coal strike except on one point, and that 
was that the miners.did not vant to enter upon the 
struggle. Generally speaking, the men were satisfied 
with their wages, and did not think it worth while to 
strike on the chance of getting more. And yet these 
men, if they were questioned as to their position, would 
reply, “ We shall strike, of course, if our leaders tell 
us Thus: they confessed that they were led by 
the hose by men ~ & were not honest, because they 
knew that the miners whom they were urging to strike 
were getting as much in wages as the product could pay. 
The truth was that these advisers were out for revolu- 
tion. He believed that a coal strike was bound to fail, 
because the moment a strike was entered u ~ 
source of profit and of wages was sto m 
on exports ceased. THe saad’ the tonhees of ull to 
use évery effort to assist the which he was 
conducting, and so help to thwart the efforts of the 
agitators who were aiming at revolution and chaos, 

with the coal situation, which transcends 
all other industrial questions at the present time, the 
British Commonwealth Union say that the claim of the 
miners implies that coal-mining should provide about 
one-quarter of the direct taxation that is borne 
other industries (in proportion to number em ) 
in the form of income-tax, — tax, corporation tax, 
excess profits duty. In r words, the miners’ 
claim is that other industries te oe 
the purpose of raising their wages. us, 
Commonwealth, Teles adds, examine this claim in the 
light of the service at present given by the miners to 
the rest of the nation. On the basis of the output in 
1918, the men now iz, about 1,210,000, 
should raise about. 313,000,000 tons a year, whereas 
actually the present rate is about 235,000,000 tons, 





a decrease of almost exactly 26 per cent. If the 
miners ‘obtain the increase in wages their 
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total wages will, be, about .315,000,000/. a year, or about 
2601. a year as compared with 82/. in 1913, an increase 
of 217, per eent. as compared with a rise.in prices to 
them of less than 140 per cent. (The increased price 
of egal does not affectthem.) Their standard of living 
would, thus, be better by one-third. In other words, 
the miners are asking one-third more bread, clothes, 
&q., in return for one-quarter less coal than they gave. 


a price exp not in money in other com- 
modities 80 per cent. higher than in 1913, It is the 
worst case of profiteering yet revealed. The rank and 
ficial she malnere ave ot Son eek Cay pete but the 
men who are mi ing them are entirely blameworthy 
in the highest degree. 

Sir Robert Horne, President of the Board of Trade, 
having been asked a few days ago whether “ the miners 
have threatened a strike only because the coalowners 
have refused to stop bleeding the coal consumers,” 
replied ; “‘ The coalowners are not directly concerned, 


They will get the profits they are entitled to under the 
Coal. Mines Eme cy Act, and no more. Nobody 
can yet tell what rofit on the export of coal will be 
or whether there wi 


be any. That soiienly Sesande 
on. the amount.which is produced, and if miners 
should carry out their threat to strike it is obvious 
that the surplus available for export, after our domestic 
and industrial needs are satisfied, will quickly dis- 
appear. But in any case, be the surplus or 

it will not go to the coalowners, but to the Exchequer. 
Tt is money which, in the case of other industries, would 
be paid as excess profits duty to the Treasury. The 
suggestion that the miners’ action is dictated by a 
desire to stop the coalowners the coal con- 
sumers is flagrantly inaccurate. I repeat that in no 
circumstances will the surplus | rage which the miners 
expect, go into the pockets of the coalowners, That 
must be made clear once for all in order that the public 
may be.in a position to judge the issue rightly.” Mr. 
Austen Chamberlain, Chancellor of the Exchequer, has 
entirely, confirmed the above statement made by Sir 
Robert Horne. 

It is reported that it has been unanimously decided 
to approve of the principle of amalgamation of shipping 
trade unions em g manual and clerical vr mg 
A committee has been ee a to prepare a draft 
constitution. Mr, H. Gosling, president of the Trans- 

rt Workers, is chairman of the committee, and Mr. E, 
Bevin hon, secretary. The unions re ted at the 
meeting at which the decision was arrived at were the 
following : National Union of Dock Labourers ; Dock, 
Wharf, Riverside and General Workers; Scottish 
Union of Dockers ; National Amalgamated Labourers’ 
Union (Swansea); National Shipping Clerks’ Guild 
(Liverpool); National Union of Wharves and 
Shipping Staffs (London); Amalgamated Stevedores’ 
Labour Protection League; South Side Labour Pro- 
tection League (London); Cardiff, Penarth and Barry 
Coal Trimmers’ Union; Amalgamated Society of 
Watermen. Lightermen and Bargemen (London) ; 
Trimmers and Teamers’ Association (North of England); 
Weaver Watermen’s Association; National Union of 
Shipping Clerks and Grain Weighers; Mersey Water- 
men’s As<ociation. 





A DYNAMICAL METHOD FOR RAISING 
GASES TO A HIGH TEMPERATURE WITH- 
OUT THE USE OF HIGH PRESSURES.* 

By Professor W. H. Wartxinson, Liverpool. 
Ir air be allowed to flow from the atmosphere through 

a spring-loaded wire-drawing valve adjusted so that the 

air in the cylinder during the charging stroke is constant 

at @ pressure of one-quarter of an atmosphere, and if this 
air is subsequently com to a eric pressure, 
then, assuming adiabatic and frictionless conditions 
and neglecting the effect of clearance in the pum: 

cylinder, the absolute temperature of this air at the en 

of compression will be approximately 14 times the 
absolute temperature of the outside atmosphere, that 

is, T., Fig. 1, will be approximately equal to 1} times 288, 

that is 432 deg., when the atmospheric temperature is 

15 deg. C. The reason for this is that the constant 

ure line ab, Fig. 1, is approximately an isothermal 

ine for the varying mass of air in the pump cylinder, and 
the temperature of the air during the c stroke 

approximately the same as that of the outside atmosphere, 

Some applications of this —, were given in @ paper 

read by the author at the Newcastle meeting of the 

Association in 1916.¢ The connection between tempera- 

ture, pressure volume of a given mass of gas under- 

going expansion or compression is given by the equations : 
n—1 

Te (z Ren 4 

tT 5) Vv. 

and from these equations it is obvious that the absolute 

temperature ratio depends on the absolute pressure 

* Paper read before Section Gof the British Association 


for the Advancement of August 25, 1920. 
t See Encrvggrnre for September 22, 1916, 
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ratio and not on the”: it of these » ae 
in the above haste, the had ‘into the 
cylinder at a pressure o 25 atmospheres @ receiver 


in which the air was at a pressure of 100 atmospheres 
and at a temperature of 15 deg. C., the’ 
the air after compression in the pump to 100 atmospheres 
+ Sr te have been 432 deg., absolute, i.c., the same as in 
the above case. Ifa Pp arranged as shown in Fig, 2 
is used and air from atm is admitted to the 
pump cylinder b by means of the wire-drawing valve d, 
and this air, after compression, is disc thro 
the valve ¢ into the J, its temperature wit! 
this receiver will be, conditions given above, 
432 deg. absolute.. If this is then admitted to the 
other end of the cylinder and is-wire-drawn during 
admission, by the valve g, to one-quarterofan 


and then com to atmospheric pressure and 
discharged thro the valve h, the pee ape of the 
air in the pipe é a 1p = 648 deg. absolute, 
and its pressure there will be atmospheric. 


If it were possible to use five such double-acting pumps 
arranged in series the tem of the air leaving 
the last pump at pressure would be 16,600 
deg. aboslute, if the process could be carried out under 
the conditions assumed for the first stage. The tempera- 


Fig.t, 
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ture of the air leaving the second pump would be approxi- 
mately 1,460 deg. absolute and, with our present materials 
and present types of compressors, this is probably the 
upper limit at which the pump could be made to operate. 
ws Sotee the above enormous increase in temperavure 

y single-stage compression would require the pressure- 
ratio to be about 1,040,000, and if the initial pressure was 
at one atmosphere the final pressure would have to be 
1,040,000 atmospheres. 

Assuming that the pressure of the air in the bulb of an 
incandescent electric lamp is one-millionth of an atmo- 
—— and that its temperature is 15 deg. C., then if 
the envelope could be suddenly annihilated the air which 
initially filled the bulb would be compressed to a pressure 
1,000,000 times its initial pressure and, assuming that no 
mixing took place, it would be raised to a temperature of 


16,600 . absolute. 
The multi wire-drawing method described above 
might be ed as a thermo-dynamic ratchet. The 


. 4and 


to 16 atmos and if the compression pressure ratio 
i dhoengine cylin 10, the ait in the’pipe or pocket i 
will, at of the compression stroke of the engine, 
be at the same temperature as if it had been compressed 


of | from 1 ‘atmosphere to 160 atmospheres, although’ its 


pressure will only be equal to 10 atmospheres, that in 
the engine cylinder with which it is in free communication. 
It is easy, from the above illustrations, to understand how 
Serious overheating may occur in air compressors due to 
a leaky delivery valve: If;-for- example, in a single- 
stage air compressor, com ing air to 4 atmospheres, 
the delivery valve was iid ‘pare y open by one ge ama 
during the charging stroke of the pump, and if it be 

, a8 an extreme case, that the bac flow into 
the cylinder was at such a rate as a to maintain the 
pressure at 1 ere i is charging stroke, 
then after 10 revol: the air would, under adiabatic 
conditions, be raised to a temperature of 16,600 deg. C. 
absolute, and to a very high temperature under actual 
conditions. The temperature attained due to such 
leakage =) co in certain cases, be sufficient to cause 
melting of valve. In the case of turbo-compressors, 
backward leakage due to a bent or fractured blade, 
might raise the temperature sufficiently to cause melting 
of the blades. 

As stated above, the ofuicas Game line ab is an 
isothermal for the varying mass of air in the pump. If 
the wire-drawing is arranged so that the pressure of the 
air in the pump increases during charging, then the 
temperature of this air will also increase ; if the ure 
= — a the pose a >: ure of the air will 

e nstancy pressure during charging is 
in such cases best secured by a spring-controlled wire- 
drawing valve. 











Temperature of Air 
delivered, Pressure, 
Deg. C. Absolute. in Atmospheres of 
— a gg me 
ngle-Stage 
Weusticn Compressor to give 
Adiabatic | ‘to Com- the same Delivery 
Con- pression | Temperature, when 
ditions. curve is the Initial pressure 
pyi3_ ¢. is 1 Atmosphere. 
First pump— 
First 432 396 4 
Second e 648 546 16 
pu 
First 972 751 64 
Second i 1,458 1,033 254 
Third Pp— 
Fi ‘ 2,187 1,420 1,016 
. 3,280 1,957 4,064 
‘ourth pump— 
First 4,920 2,695 16,254 
want 7,380 3,700 65,016 
; p— 
First sta 11,070 5,100 260.064 
Second 16,600 7,030 1,040,260 

















Moror Trarric Anp Danitse Roaps.—The Danish 
authorities are much concerned at the damage done to 
the roads by the great increase in motor car traffic 
which occurred during the last two years. There are now 
some 14,000 motor cars in Denmark (of which about 
2,000 are ial vehicles) besides a similar number 
of motor cycles, and half of this number have been 
added during the last two or three years. The expendi- 
ture n to put the roads into good condition is 
estimated at 465,000,000 kr. 








American CopreR Propvction.—The production of 
copper in the United States in 1919, says Commercial 
America, was markedly smaller than in 1918, according 
to preliminary and estimates collected by B. 8. 
Butler, of the United States Geological Survey, De : 
ment of the Interior, from all plants that make blister 
copper from domestic ores or that produce refined copper. 
At an av price of about 19 cents a pound the output 
for 1919 had a value of $243,000,000, as against 
$471,000,000 for 1918. ‘The figures sh 
production from d tic ores repr 
put of most of the companies for the first 11 months of 
the year and the estimated output for December. A 
few companies gave no figures for November but fur- 
nished estimates for the combined output of November 
and December. The production of blister and Lake 
from domestic ores was 1,278,000,000 Ib. in 1919, 








accompanying table gives the temperature d at 
each stage under the conditions assumed, also the 
corresponding temperatures at each stage when the 
equation of the compression curve is PVi3=C. 
this case, for simplicity, no account is taken of heat lost 
or gained other than during compression.) The corre- 
sponding pressures required for single-stage com ion, 
assuming the initial pressure to be one atmosp 


is | also given. 


One possible application of the principle described 
above may be indicated. If the pump shown in Fig. 
be connected to the compression of the cylinder a 
of an internal-combustion engine, temperature of the 
air in ees he anes eee ge 
ignition of fue’ ir i is pi If, for 


i) 
~ 


and then P d to 
discharged through the valve ¢ into f, where the 
is 1 atmosphere, and if the process i 


18 
oe the Beginning of 
pipe ¢ vt @ pressure of 1 atmosphere at the begi 





(In | Lake 


, are | of 


against 1,908,000,000 Ib. in 1918 and 1,224,000,000 Ib. 
in 1913. The supply of refined copper—electrolytic, 
and pig—from primary sources, domestic 
and foreign, for 1919 is estimated at 1,800,000,000 
Ilb., compared with 2,432,000,000 Ib. for 1918 and 
1,615,000,000 Ib. for 1913. According to the Bureau 
Foreign and Domestic Commerce, the imports 
of copper in all forms for the first 10 months 
of 1919 amounted to 346,855,000 Ib., against 575,000,000 
b. for the 11 months of 1918. The exports of pigs, ingots. 
bars, plates, sheets, rods, wire and like copper products for 
the first 11 months of 1919, as determined by the same 
amounted to 496,350,000 Ib.; the e: for 
the 12 months of 1918 were 744,429,000 Ib. At the 
beginning of 1919 about 180,000,000 Ib. of refined copper 
was in stock in the United States. Adding this quantity 
to the refinery output for the year shows that the total 


available y of refined was about 1, 980,000,000 
Ib. On su from total the exports for the 
first 11 months and the estimated exports for the last 
month, and there was no change in stocks, 
it appears available for domestic con- 


that the supply i 
in 1919 was considerably less than the 





1,661,000,000 Ib, available in 1918. 
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MEASUREMENT OF CASTING TEMPERA- 
TURES IN THE BRASS FOUNDRY.* 


By Joun ARNoTr, 


Or the various factors which influence the quality of 
castings, temperature is undoubtedly one of the most 
important. It would at first sight that non- 
ferrous metals are more affected by differences in casting 
temperatures than cast-iron. It is probable that the 
difference between cast-iron and brass in this respect is 
more apparent than real. The various t of furnaces 
in use for melting non-ferrous metals should, if they 
are to be reasonably rapid and economical, be capable 
of heating the metal considerably above the desired 
temperature, whereas in the cupola the iron receives 
very little heat after it has been melted. Hence the 
possible tem ture range of cast-iron melted in a 
cupola is smaller than that of non-ferrous metals melted 
in coke and gas furnaces. Many of the modern brass- 
melting furnaces, such as coke and oil tilters, are capable 
of bringing the metal to pouring temperature in less than 
an hour, and if it remain, say, another 20 minutes, 
subjected to full blast, the metal will be much too hot. 

The measurement of temperatures of molten metals 
is a very difficult problem. It does not seem to have 
received the same attention as the measurement of 
temperatures of annealing furnaces. In such work as 
annealing, pyrometry has reached a high standard. 
Even small engineering shops have pyrometers installed 
in their furnaces, while the installations in some of the 
motor car works are on a most elaborate scale. In the 
foundry the position is very different. Comparatively 
few foundries have made any attempt whatever to 
measure temperatures, while the number of places where 





contact with the carborundum tube, hence an inner tube 
of porcelain or pure silica is necessary. 
metal couples aré now made by several firms. 

In some of these an outer steel tube acts as one element, 
while the other element is a nickel or a nickel-co 
alloy wire insulated by short pieces of porcelain tabs. 
This construction is cheap, strong and allows of easy 
repairs, when the hot junction is burned out it 
is only necessary to cut the tube and make a new weld. 
In some of the base metal couples the two elements 
are or nickel alloys, and hence require to be 
insul both from each other and from the steel tube. 
One advantage of the base metal couple is that for a 
given temperature the E.M.F. is much greater than that 
given by a platinum couple. This allows a less delicate 
galvanometer to be employed, which is no small matter 
under foundry conditions. Base metal couples are quite 

i for taking temperatures of molten aluminium, 
For this purpose it is found that in order to get the best 
life the alumini hould never be allowed to come in 
contact with a clean surface of the couple. If the end 
of the couple which is immersed is viously painted 
with te or clay wash it will be found to last much 
longer ; in fact, the writer has found the best life to be 
obtained from thermo-couples which have previously 
been used for some time in annealing furnaces and have 
thereby become covered with oxide. 
2. istance Pyrometers.—These depend on the 





direct reading and involve no calculation or correction ; 
(4) it should indicate the temperature of molten metal 
within at most 1 minute of immersion ; (5) it should be 
poe and not easily put out of order; at any rate it 
should permit of easy and cheap repair ; (6) it should not 
be too expensive. 

Iam strongly of the opinion that an immersion method 
is the only one of any use for molten-metal, and further 
that the couple must be used either bare or with only,a 
wash of refractory material on it. 

Platinum is much too expensive. Iron and alloys of 
iron are too readily dissolved by the molten metals. 
The only commercial alloys left are those of nickel. 
For some time back a couple has been made in Ameriea 
of which one element is almost nickel and the ether 
an alloy of nickel with about cent. of chromium. 
This gives an E.M.F. of over 40 ivolts at 1,000 deg. 3., 
so that a robust galvanometer can be used with it. The 
two wires are encased for most of their length in a steel 
tube, leaving only a few inches of bare wire for 
immersion. Inside the tube they are insulated by 
asbestos woven to a tubular form, or by pieces of 
porcelain tube. 

The writer has used this couple regularly for over a 
year, and has found it very satisfactory. At Cathcart 
the brass foundry insists on aaping the temperatures of all 
melts of manganese brass and of all melts of gun-metal 
from which important castings are made. The wires are 





alteration of the resistance of a spiral of plati wire 
at high temperatures. Great accuracy is possible by 
this method, and, in addition, by checking the resistance 
of the wire when cold, it is easy to detect any deterioration 
in the platinum, For application to molten metals, 
sheaths are necessary as for the thermo-couples, and a 
similar time lag is unavoidable. 





A.—INSTRUMENT UNDER TEST. 
CONNECTING TO THE ReEsIsTANCES OF Various LeyoTns or Rops. 
ARRANGEMENT FOR TESTING PYROMETERS. 


such readi are arly taken is very small indeed, 
The instruments employed are :-— 

1. Thermo The most. commonly used ‘couples 
have platinum as one element and an alloy of platinum 
and iridium or platinum and rhodium as the other. 
Owing to the high cost of platinum the wires are small in 
diameter, and also short. Thé general arrangement of 
such a pyrometer is a steel tube about 2 ft. long and 1 in, 
diameter, which serves.asahandle. At one end this tube 
is screwed into a junetion box in which the platinum 
wires are connected to the copper leads. At the other 
end the steel tube is fitted to a coupling piece. A graphite 
sheath, 13 in. long, 1 in. bore and 4 in. thick, in walls, 
closed at one end, is screwed on to this coupling piece. 
Since graphite is permeable to gases it is necessary to 
encase the platinum wires in a silica tube closed at the 
lowerend. The platinum wires are insulated throughout 
their length by short pieces of silica or porcelain tube. 
The whole arrangement is expensive, cumbersome and 
easily brokén. The most serious objection, however, is the 
time lag. The thick graphite sheath and the inner silica 
tube both serve as all too efficient heat insulators, and 
readings are nearly always low. On this account much 
of the early data published on the effect of casting 
temperatures is unreliable. For example, tests on 
Admiralty gun-metal at temperatures below 1,000 deg. C. 
are quoted. Reference to the thermal diagram of the 
copper-tin alloys shows that part of the alloy is solid 
below 1,000 deg. C. In the writer’s experience castin, 
poured at even 1,080 deg. C. are nearly always enaeind: 


A modification of this instrument is a nichrome sheath | the h 


in place of one. The instrument is thereby rendered 
more robust, but, while the time lag is certainly Jess, it 
is still too great for ordinary use, and in addition the 
Bs ea is heavy. 
rotection tubes of carborundum and similar materials 
are now available. These are fairly strong, and have a 
low coefficient of expansion and a high heat conductivity. 
It is not permissible to have the platinum wires in direct 
* Paper read before annual meeting of Institution of 
British Foundrymen, at Glasgow, August 25, 1920; 
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3. Radiation Pyrometers.—The radiation pyrometer 
has the advantage over the thermo-couple in that there 
is no ¢ontact between the molten metal and the instru- 
ment. The principle of the radiation pyrometer is, 
briefly, that the heat radiated from a hot body is, by 
nieans of @ concave mirror, brought to focus upon a point 
which is the hot junction of a platinum thermo-couple. 
The thermo-couple is connected toa galvanometer in the 
ordinary way. ‘The difficulty experienced with radiation 
instruments is that it is extremely difficult to obtain a 
surface of metal free from slag and oxide films. Unless 
this is done the readings are unreliable. 

4 y Pyrometers.—The optical pyrometer has 
found considerable use in operations of annealing, re- 
heating, &. While many of the cheaper instr ts, in 
which the light radiated from a hot body is compared 
against a standard colour, are not to be relied upon 
to any great accuracy, instruments such as that made 
by the Cambridge Scientific Instrument Company, in 
which the light radiated from the hot body is compared 
with that from a standard lamp, can considered 
reliable to a matter of well under | percent. To obtain 
reliable readings from an optical pyrometer it is necessary 
that black body conditions be present. Since these 
do not apply to metal in a crucible, some correction is 
n 





Optical pyrometers are affected, if anything, to a greater 

d than radiation instruments by the slag and fumes 

ch are generally on the surface of molten brasses. 
In addition, optical instruments depend for accuracy on 
umen element, hence cannot be put into the hands 
of unskilled men. 

To sum up the various instruments as far as foundry 
work is concerned ; the thermo-couple and resistance 
pyrometer must be used with asheath, and are hence too 
slow, while radiation and optical instruments give 
unsatisfactory readings on account of slag and fumes. 
To be really of service in the foundry a pyrometer should 
have the following characteristics: (1) It should be 
accurate within 1 cent. (this means a maximum error 
of + 10 deg. at 1,000 deg. C.); (2) it should be ¢ le 
of use up to 1,300 deg. C. if need be; (3) it id be 





ided to; , and when the junction is burnt through 
they can be rewelded in a couple of minutes in the oxy- 
acetylene flame. 

In molten brass or manganese brass at 950 deg. to 
1,000 deg. C. the couple lasts a very long time. In 
molten gun-metal the life of the junction depends on the 
temperature of the metal. At temperatures of 1,300 
deg. C. and over the junction will only last one or two 
immersions, but at 1,150 aia to 1,200 deg. C. perha 
six would be an average. he amount by which the 
couple is shortened each time the junction is burnt 
through is only 2 in. at most, so the actual cost of each 
immersion is very small. 

The writer does not intend to dwell at length on the 
effect of casting temperatures since this paper is only 
concerned with the measurement of these. It might, 
however, be of interest to mention the results obtained 
on gun-metal of composition roughly: 88 per cent. 

9 per cent. tin, 2-5 per cent. zine, 0-5 cent. 
feed. The tests refer to greensand bars, 1 in. diameter, 
8 in. long. When cast at 1,300 deg. OC. the strength 
is sey great aptpbegare te Rast» he 

uare reaching @ maximum of over 
deg. C. At tem ures of 1,050 deg. 
under the bars are unsound. t imagine 
within -metal 
is cast in foundries would be comes ewercten | small. The 
writer is quite convinced that in the average foundry the 
i 9 Neer varies from about 1,100 deg. C. up to 
1,300 tes. . At Catheart it has been found that the 
casting range of manganese brass is very small, and that 
for the soundest castings the temperature should be 
970 deg. C + 20 deg. C. 

It was stated at the outset that the measurement of 
temperatures of molten metal is very difficult. Although 
the couple spoken of is a distinct advance on those 
— y available there is much room for improvement. 

founders can help in two ways. If a sufficiently 
strong demand for instruments is forthcoming the 
manufacturers will have an incentive towards research : 
also founders can help the makers of apparatus by giving 
facilities for test under service conditions. Owners of 
foundries can do much good by either giving the apparatus 
@ thorough trial themselves or by allowing instrument 
makers to carry out tests in their works. The writer has 
found certain makers very willing to co-operate in this 
way, with the result that many small parts of the 
apparatus have been improved and much more satis- 
factory service obtained. 

In conclusion, a word about the upkeep of pyrometers 
may be included. In works where a large number is 
kept their ir and calibration becomes an important 
matter. While some pyrometers work satisfactorily for 
long periods without attention, others most decidedly do 
not. Ifnoindication whatever is given on the instrument 
the trouble may be due to: (1) Hot junction burnt 
through—this is evident at sight; (2) insulation of 
thermo-couple defective ; (3) bad contact between thermo- 
couple and instrument. If the readings are incorrect 
they may be due to: (1) Alteration resistance of 

ibly caused by its length being reduced ; 
(2) instrument out of balance; (3) alteration of tension 
in hair spring of instrument, 

The writer might briefly describe an arran; ent 
which Messrs. Kelvin, Bottomley and Baird made for him 
for testing galvanometers. e instrument used for 
checking is a sub-standard millivolt meter. The system 
is that the current from a battery, controlled by re- 
sistances, is sent through both the standard millivolt 
meter and the instrument to be tested. Any disagree- 
ment is at once noted. On this switchboard are placed 
resistances to suit all the various types of couple used, 
and also small resistances to compensate for the 
varying lengths of the couples. By this arrangement 
an instrument can be calibrated in a few minutes 
over its entire scale, making allowances for any length 
of couple. 

The writer is indebted to the directors 
G. and J, Weir, Limited, for per issi to 
psper. 


of Messrs. 
read this 








Tue Teternone tx Canapa.—lIt is stated that the 
Saskatchewan Department of Telephones desires to 

uip the whole system with the automatic type of’ 
Schepens and exchange. 
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THE P. AND O. LINER “ NALDERA.” 


CONSTRUCTED BY MESSRS. CAIRD AND CO., LIMITED, GREENOCK, N.B. 
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Wiru the exception of the Narkunda, the Naldera, 
which) was built Messrs. Caird and Co., Limited, of 
Greenock, for the passenger and mail service to India 
and Australia of the Peninsular and Oriental Steam 
Navigation Company, is the largest unit in the fleet of 
that company, and it is in any case the largest ship 
so far constructed on the lower reaches of the Clyde. 
The order for the Naldera was placed early in 1914, 
and the keel was laid at that time, but before the con- 
struction had proceeded very far it was suspended on 
account of the war. Two years elapsed before the 
work was recommenced so that the launch did not take 
place until the end of December, 1917. The vessel 
was first completed as a cargo carrier in 1918, and 
afterwards fitted out as a troopship and armed cruiser, 
but was never used for either of these services, and 
finally, after the conclusicn of the Armistice, the ship 
was restored to the Peninsular and Oriental Steam 
Navigation Company for completion along the lines 


originally intended. 

designs for the ship were prepared by Messrs. 
Caird and approved pd r. C, G. Deane, the owners’ 
naval architect, who also supervised the construction. 
The ral view of the vessel, Fig. 1 on this page, 
which is reproduced from an excellent by 
Messrs. Maclure, Macdonald and Co., of Glasgow, illus- 
trates two features of the des gn! which differentiate 
the Naldera from other P. and 0, vessels, viz., the 
cruiser stern and the third funnel; the aftermost 
funnel is, however, chiefly used for ventilation - 

Other illustrations of the design, which will be 
referred to later, can best be followed an exami- 
nation of the elevation and deck plans, Figs. 2 to 10, 
reproduced on Plate XXVI, which accompanies this 
issue ; some particulars of the scantlings are also given 
in the half midship section of the ship, Fig. 11, on the 


ite page. 
Pie overall length of the Naldera is 605 ft., while 
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the len; between iculars is 581 ft. The 
mo’ breadth is 67 ft., the! moulded, depth to 
the upper deck 40 ft. 9 in., and the height from the 
keel to the navigating bridge, 77 ft. The vessel has a 
gross —~ of 15,825 and draws 29 ft. 6} in. of water 
when fully loaded. Accommodation is provided for 
426 first-class passengers and 247 second-class passen- 
gers, while the officers and crew together number 462. 
General cargo is also carried in holds having a total 
capacity of 253,320 cub. ft., and insulated holds having 
a volume of 103,360 cub. ft., are also provided for 
conveying perishable goods in cold storage. The 
bunker capacity of the ship is 2,940 tons, 

The hull is subdivided by 11 transverse watertight 
bulkheads, 10 of which extend to the upper deck, 
while the fore- bulkhead is carried up to the hurri- 
cane deck. her protection is vided by the 
cellular double bottom which extends over the whole 
length and breadth of the ship, and has a depth of 
4 ft. 9 in. on the line of the keel, These arrangements 
can easily be followed from the elevation and deck 
on Plate XXVI, and it will also be noticed from 7 
that there are three fireproof bulkheads in the upper 
‘tween decks. These, with the fore-peak bulkhead, 
divide this space into five , each of which can be 
isolated in case of fire. ve of the decks, viz., the 
orlop, lower, main, upper and hurricane decks, extend 
for the whole length of the ship, while above these are 
the menade and boat decks, each of which has a 
I of 440 ft., and projects for a distance of 2ft. 6in. 
beyond the moulded breadth of the ship as shown in 
the midship section, He Barthes sce 
These two decks are di between the forw 
—e and are connected by expansion 
joints. 

Above the boat deck is the navigating bridge, shown 
in plan in Fig. 4 on Plate XXVI.': On it is situated the 
captain’s cabin and the wheel house, which is exception- 
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ally well equipped with navigating appliances. In 
addition to the usual engine room and docking tele- 
graphs, communication is provided with the engine 
room, forecastle, and docking stations by means of 
loud speaking telephones. Engine direction indicators 
and revolution counters are also fitted on the bridge 
as well as com and signalling appliances of the 
latest type. ireless apparatus is carried, the 
operating station for which is situated on the boat deck 
immediately forward of the first funnel. The officers 
are accommodated in cabins on the boat deck under 
the navigating bridge, and a wide promenade is reserved 
for their sole use at the forward end of the deck. 
The engineers are also housed on the boat deck in 
cabins surrounding the engine casing at the after end 
and a portion of the deck is also reserved for their use. 
This new feature in engineers’ accommodation tara 
appreciated the engineering personnel. - mty- 
t a Rifoboate ead a motor te are stowed on t 
boat deck as shown in the plan, Fig. 3 on Plate XXVI. 
The boats, which are hoisted by means of hydraulically 
operated bollards, are of sufficient capacity to accommo- 
date the whole of the mgers and crew. 

The Naldera will maintain the Peninsular and Oriental 
Company's reputation in the matter of passenger 
accommodation, some of the principal features of which 
are illustrated in Figs, 12 to 15 on page 282. As shown 
in the plan of the promenade deck, Fig. 5 on Plate 
XXVI, the midship portion of this deck is reserved 
for first-class passengers and the principal 
viz., the lounge, divan, smoking room 


blic rooms, 
music room 


.| are also situated on this deck. Of these apartments 
d|the three last-mentioned are illustrated res 


ively 
in Figs. 12, 13 and 14 on page 282. As be seen 
from Fi is a spacious and comfort- 
able with bays along each side. It is lighted 
from the front and sides by large windows and from the 


roof by a skylight over the well. This well, which 
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occupies the centre of the saloon and is surrounded, 
as shown, by a balcony rail, forms the | feature 
in the scheme of decoration. It extends down thro 

three decks to the dining saloon on the main 4 
and terminates at its upper end in an ornamenta) 
glass dome on the boat deck. The walls of the music 
room are panelled in dark oak ornamented with rich 
mouldings and carvings, while the ceiling is of plaster 
in old ivory colour. The same colour also forms the 
ground inside the well and on the inner surface of the 
well below the level of the music room is a fine frieze 
painted by Professor Moira. The whole effect is very 
impressive and pleasing. The companion divan and 
lounge, which are illustrated in Fig. 12 foe ag 282, 
adjoin the music room, and have a similar colour 





HALF MIDSHIP SECTION. 


and the passenger accommodation from 
Four eranes, which are visible in 
view of the ship on the opposite page, are 
this deck for handling goods to and from the forward 
holds, and two similar cranes are provided for 
connection with the after holds. more h; 


heavy seas. 
the 


and one for the after holds. 

hestomty whrrrrate used, as Fed tye 

hoisting ifeboats, is suppli a ic 

ing engine and accumulator situated in in eae 
A deckhouse amidships 
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and decoration scheme, Between the forward and 
intermediate funnels is a well-equipped gymnasium 
located in aspecialdeck-house. Further aft are situated 
a number of single berth staterooms and the first- 
class smoking room and verandah. The appearance 
of the smoking room is well shown in Fig. 13, and it 
ment, as well as 


ial stairway. 

The hurricane deck, a plan of which is given in Fig. 6 
on Plate XXVI, is the weather and working deck of 
the ship. Forward are the steam windlass and two 


mainly of double-berth cabins, although there area 
few single-berth cabins in the forward On each 
side of this deckhouse and extending along the whole of 
its length is a clear promenade for ngers. Further 
aft is a separate deckhouse, in w the second-class 
music room and smoking room are situated, and right 
aft are the laundry, and washhouses and shelters for 
the native crew. 


The upper deck is almost entirely devoted to first- | i 
ustra- | class 
pe. in two-berth and three-berth cabins. There are, | #7° 


passenger accommodation provided, for the most 
wever, four special cabins each provided with 
separate bath-room and lavatory. Second-class pass 
engers have some accommodation on this deck further 
aft and at the extreme after end the native crew ha’ 
their quarters. A watertight trunk giving access 
the tunnel enables the natives to the stokeholds 
without i passengers. Both first- 
ee 
the:main deck. Of the former, we a 
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reproduce 
alata . 15 on page 282; it has seating 
accom Ana 384 ‘persons. The saloon is 





. 6 in. high from deck to ceiling, and the dome over 
well, referred to previously, is 42 ft. above the deck. 
walls and ceiling are in old i colour and this 
also forms the ground of the rations inside 
well. A row of elecuric lamps is placed on a . 
way up the well, with reflectors to illu- 
minate the pictures in the frieze; electric fans are 
fitted over the tables to keep the air in circulation. 
Two electric lifts are pro for service between the 
dining saloon and the music room, with at the 
intermediate decks, At the after end of the saloon a 
handing room extends across the whole width of the . 
ship and abaft of this are the pantry, saloon bar, galley, 
bakery and accessory offices, the whole forming « co 
venient expeditions arrangement for preparing 
and serving the food. Most of the second-class pas- 
are berthed on the main deck, the arrange- 
the accommodation Bee oaty shown in 
plan, Fig. 8, on Plate XXVI. As will be seen 
figure, second-class dining saloon, which 
peso arom pachesrunaig ag die ly yen 
allotted to second-class passengers. both first and 
second-class accommodation a fresh water supply is 
led to each stateroom from a tank on the boat deck, 
and a waste pipe is connected to the drainage system. 
of the ship from each lavatory basin. The spaces on 
the lower or orlop decks, plans of which are given in 
Figs. 9 and 10 on Plate XXVI, ate used for cargo, stores, 
the of the insulated 
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VENTILATION OF COAL MINES.* 

By Professor J. T. MacGuecor-Morais, M.1.E.E. 

At the Dundee meeting of the British Association in 
1912 the author read a entitled “The Electrical 
pre ee ne ng Wind : .” and ete oiplen 
experiments illustrating t S epplaetinn © principles 
involved. Subsequently, in order to obtain 


spheric temperatures it became necessary to introduce a 
modification of the method first described. 
The principle which is utilised in the apparatus which 


is the sub of this paper may best be illustrated in 
the follo manner :—When a length of thin wire in 
air is heated by the passage of an electric current of 


constant strength, the wire attains a steady temperature 


in asecond ortwo. Heat is then taken away from 
the wire by the motion of the air it, at the same 
rate as that at which it is receiving heat from the electric 


Fig... 
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the apparatus, the shorter the wires a and d will become, 
whilst wires 6 and ¢ remain practically unaltered in 
temperature and consequently in also. A pointer, 

e of insulating material, connecting the junction of 
a and 6 with the junction of,c and d will move over to 
the right as the velocity of the wind increases. 

Such apparatus as this of necessity gives, for low 
velocities, a more open scale than for higher velocities. 
Consider, for instance, the case of a wire for which the 
temperature elevation above the atmospheric tempera- 
ture is reduced to half by a wind velocity of three miles 

r hour, then any further increase of velocity, no matter 
Peal great, can do no more than reduce the temperature 
down to that of the atmosphere. Such an instrument 
would therefore have the three miles per hour mark 
half-way across the scale, whilst a hundred miles 
hour or more would only double the reading. This 
shows that the apparatus in this form is mainly suited 
to the measurement of low velocities, say, up to 10 
miles per hour or perhaps 20 miles gee hour, 

We now turn from the method of using the change of 
length with tem ture, to that of utilising the change 
of ce with temperature, and then the only altera- 
tion which we have to make is that of replacing the insu- 
lating pointer ting the junction of a and 6 to that of 








matters, including the “inpinsting inating of errors due to thermo- 
electricity. In opgereyns a! to be deseribed @ 
very special nickel wire has been used having an electrical 
resistivity temperature coefficient of 0-474 per cent. 
per deg. C. reckoned on 20 deg. C. 

The whole apparatus is entirely contained in a box 
measuring 10 in. by 6} in. by 7 in. deep and weighs 
13}1b. complete. It is illustrated in the aceompanyin 
figure (Fig. 2). pair of exposed sensitive heated 
wires, the enclosing tubes for the other pair of wires, and 
the thermometer which together form the anemometer 
head (shown di atically in Section in Fig. 3) are 
carried by the ebonite handle, and are shown on the right 
in front. The protecting cage (which has been removed 
only for the purpose of showing the details) will be seen 
at the back. The recess in the box underneath the in- 
dicating instrument holds the anemometer head and the 
connecting length of flexible when the instrument is not 
in use. The two-volt accumulator will be seen on the 
left, and behind it the switch for connecting the battery 
by a turn of the key. In the centre the indicating in- 
strument is seen with its pointer deflected half-way across 
the scale, and this is illuminated, if need be, by means 
of a small shielded electric lamp carried in an auiiinging 
holder. There are two switch handles on the right, 
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Fig.3. SECTION THROUGH ANEMOMETER HEAD 





ce and d with a sensitive voltmeter or galvanometer. This 
arrangement then constitutes the well-known Wheat- 
stone Bridge. In both the mechanical and the electrical 
model it is obviously essential that the current through 
(or the voltage applied to) the bridge be maintained con- 
stant, as variations in these quantities seriously affect 
the indications of the pointer in the mechanical model, 
and the voltmeter in the electrical arrangement. 

It will be clear that ss ora sg operating on the above 
lines has many fields of action, and many investigators 
have worked at the subject of the electrical measure- 
ment of wind velocity. ‘This is not the oceasion to 
attempt to outline their work, but one cannot over 
in silence Kennelly’s pi experimental work,* L. V. 
King’s classical Royal Society paper of 1914,¢ and more 
recently, J. 8. G. Thomas’s excellent work published 
before the Physical Society of London and elsewhere. t 

In the P ante va paper it is proposed to confine attention 
to the development of a practical form of portable 
anemometer for use in coal mines. A consideration of 
the materials available suggests the use of platinum, 
nickel or tungsten. Platinum, though in many respects 
suitable, is ay | robust enough to stand the kind of 
treatment it is likely to receive. Nickel is good if 
extreme care is taken in its selection. Similarly, excel- 
lent results have been obtained with ee T 
are rege 4 B vo pe? which call for considerable experience, 
in the ice and the handling of these wires, in the 
soldering and the adjustment of tension, and in other 





* A.B. Kennelly, Wright and Van Bylevelt, Trans. 
Amer.1.E.E., vol. xxvi, page 969, 1907, vol. xxviii 
363-396, 1909. 


L. V. King, Convection of Heat from Small Oylin- 
oe oo 9 Roy. Soc., Series A, vol. coxiv, pages 


Re? 8, G. Thomas, The Hot-Wire Anemometer, 
Phil. Mag., vol. xxxix, May, 1920. 





4. CALIBRATION. CURVE 
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Miles per Hour 
the one in front being a rheostat handle for adjusting 
the voltage applied to the bridge to the correct value 
for the icular air temperature, this adjustment being 
made when using the indicating instrument as a sensitive 
voltmeter, the switch handle at the back being placed 
on the right-hand stud marked ‘“‘standardize.” After 
this adjustment, which takes only a few seconds, has been 


here | made, the switch handle is thrown over to the left- 


aoae stud marked “‘anemometer”’ when the pointer of 
measuring instrument swings to a reading giving the 
velocity of the air passing the anemomoter heed in miles 
per hour. There is @ simple but effective device which 
only allows of the box being closed if the needle of the 
indloato r has been clamped, and, should the battery by 
accident be left on, it is automatically switched off by the 
action of closing the box. t 

To obtain the results, the anemometer head should 
be held at arm’s 1 with one of the two little braas 
screws at the top of the ebonite handle facing in) the 
direction of the wind, and the checking of the standardisa- 





tion at the right temperature should naturally be looked 
to at in If one is in doubt as to the correctness 
of the instrument, itis a simple matter to check the 
reading approximately, by walking round a teble on 
which is placed the anemometer box, ing the ane- 
mometer head in one’s hand at a known radius (using the 
flexible for this ) and taking the time of one 
complete turn round the table, and so getting a measure 
of the velocity. Naturally a certain allowance has to be 
made for the ‘‘swirl”’ created in the air by the person 
moving through it. 

As the instrument has such an open scale near its zero, 
it is very exceptional to find it indicating zero velocity, 
as it easily gives an indication for a velocity of one- 
twentieth of a mile per hour, and probably even a fifth 
of this would give a able indicati In its 
— form, however, its best range is from 4 mile per 

our up to, say, 5 miles per hour. Movements of air, 
which it is quite impossible for us to feel are indicated 





by it. The calibration curve of one of these instruments 
is given below. 
Miles per 

hour, 5-0 40 3 2} 2 i 1 ot a 


Indica- 

tion . 67-5 66-0 64 62+7 60-5 55-7 48-5 43-0 35-5 
and is shown graphically in Fig. 4. 

As the indication of this class of instrument is de- 
pendent on mass flow, and therefore on the temperature 
of the air stream an error comes in if the temperature 
alters, but for tical purposes this can be automatically 
compensated for by an adjustment of the voltage on the 
aes Hence, there are certain temperature index marks 
on the scale, which show the proper position for theindi- 
catorfor these temperatures of the air stream when stan- 
dardising. (The maximum temperature reached in prac- 
tically English mines is not more than 85 deg. Fahr., 
tho; in exceptional cases it may reach 95 deg. Fahr.) 
It is important that the standardising adjustment should 
be done with care as the indications are dependent on the 
cube (or more nearly 2-8th power) of the voltage applied 
to the bridge. The effect of water-vapour in the air on the 
indications of such instruments might be expected to be 
men considerable, but the experiments of Kennelly, 
and later, those of J. 8. G. Thomas, have conclusively 
shown that such effect is negligible, Thomas having 
shown that saturating air with water-vapour does not 
affect the indications by 1 per cent. 

As far as the author is aware the only apparatus at 
present used in coal mines is the windmill type of ane- 
mometer. This instrument has simplicity on its side. 
In order, however, to use the instrument it is necessary 
to have a stop watch and a miner’s lamp, to read the little 
dials before and after a minute’s run, to take their 
difference, and to add a constant number of revolutions 
to allow for friction. Thus, the velocity in feet per 


minute is obtained. 
The present a tus has the following points :— 
1. It is portable and contained in one box. 


2. It gives a reading directly in miles per hour, and 
the variations can be followed. 

3..The precision attainable with ordinary use is 
higher than with existing apparatus. 

4. It is a simple matter to cheek approximately the 
indieations of the instrument. 

The author is indebted to the Cambridge and Paul 
Instrument Company, Limited, for many minor points 
in the design of the portable instrument which materially 
contribute towards rendering it a practical portable 
instrument. He desires especially to thank Sir Horace 
Darwin and Mr, R, 8. Whipple for their share in the work, 
and Dr. Thornton for useful information in connection 
with its application to work in mines. 





- Tue Lonpon [ron anp Steet Excaance, Liwtrep.— 
If the coal strike takes place, says the secretary of the 
Exchange, business to all intents and purposes will be 
suspended in the iron and steel trades, and should the 
industrial a be prolonged, the trade will ex- 
perience an itional heavy loss through cancellations 
and the diversion of orders to other countries. Recently 
there has been an-increase in foreign competition and 
Belgian works, in particular, appear to have unemployed 
pe cay which would enable them to accept export 
orders on a larger scale than hitherto. It is, perhaps, 
significant of the care with which our internal troubles 
are followed by foreign competitors that their quotations 
have become noticeably firmer during the past few days, 


possibly at the of reaping a harvest if British 
pinalbie from lack of coal. 


industry is 

“Sarety Fresr.”’"—At the Machine Took Trades 
Exhibition to be held at Olympia in September, a 
convention will be held under the joint auspices of the 
Home Office and the, British Industrial “Safety First” 
amoertiee- There will be two sessions, at vhieh pers 

i iscussed. Engagements permitting, the Home 
Secretary will preside at the morning session and Lord 
Leverhulme in the ‘afternoon. Invitations to the con- 
vention are being extended to the man ts and 
workers of the i industries throughout the 
country, to employers’ federations, employees nise- 
tions, Whitley , the, Federation of tish 
Industries, and the National Union of, Manufacturers ; 
also to representatives of Government Departments and 
numerous other personalities prominent in commercial 
and industrial  circlés. The arrangements for the 
are in the hands of Mr. “Belihouse, 


conference 

C.B.E., ‘the Ins or of Factories and 

Workshops, oe HB. Blain PO.B.E., the well-known 
ing manager, of the Underground Railway and 

Toeden nan Omnibus Greup, 
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amount of unemployment is not such that giv gives tise to | manufacturers have a great deal of work on hand, and 
serious anxiety. the delicacy of the current trade | they report continued fairly good home inquiries, but 
position i is ee for a good deal of epecuiation as| foreign trade 1 stagnant. Growing competition of 



























NOTES FROM THE NORTH. 
Ba a Wednesday. 
Scotch Steel Trade.—T. 





L owing f prevails | Belgium, ont is certainl using some 
for a poe ; ; ; D eter goatee conc ' he . time Siics ox a J + 
num 1 } : employed, : }im return demain abn aiiking « at as the 
suffici on aaa ee in cireulation for steel, machinery, and. tools world requirements for iron and steel are still vast, this 
plates : . : ion _ for in the = ily tev its ie foreign orders 
u equ , > overseas markets, makes it evident th t are upheld. bars 
Struc detveren aro 4 ‘ h ef those conditions which would ; rete bars, 32/.; iron Engles, 301. 15s 
re ts continue to ‘i : = of oe Kee > eee ot 1 at 108, ~ Acts beides Bad —< = 
shee ux Oo nm tal tes, 
falling pena wen Mey — ny iy og much to offer in . 38 Tos : — ; sine ber ler vistas! S01; 
to a@ very ut for most part seem to joists, steel 10s. ; hard steel 
-iderable time to clear it off, and few new orders iting the advent of more billets, $62. 10s. ; heavy scotions of atedl rails, 26). ; fish- 
accepted for near é both as to and delivery, before committing them- pos 301.; corrugated galvanised sheets, 46/.; and 
are reduced. For hases. Meanwhile a number of sheets, 401. 
good, and quite ing with difficulty to maintain 
have Se 3 an of normal activit; 
<cticlagijuh mone lina hegalps i. Se Se coment alga beelieael Manne NOTES FROM THE SOUTH-WEST. 
trade overall is fully employed, ampered by thedearth of vanadium Carnpirr, Wednesday. 
ou consumed at prices of other alloys puts them in The Coal Trade,—The uncertain outlook in respect to 
trade . n respecting the covering of forward | the labour ition and the threat of the national coal 
have not been any too plentiful of 5 cay and until these | contracts. on output at the rolling mills} strike has new business to almost a standstill, 
show signs of improvement there can be no eased considerably. The pow ace oh 


home requirements, and no extension of the foreign trade. for early delivery too are considerab 
Prices continue as _ a slight change is anticipated pe ae ing-stock makers, on me pe pees curtailed and t to arrange because of the eueneitay 


niggardly y show a disinclination to negotiate 
increase in the amount of steel material available for | fashion in which orders are bei placed for Sen sane “a aE oe month pending further ‘dorathy 
during the ensuing week » particularly as regards locomotive con- and by em raga ot the Coal Mines Depart - 


alleable Trade eable makers | 8truction. y all classes of tools, with the ompres ly. stl releases. Except for British 
nan of Sl vp «rina of aay eae ee ot OO Se eee 
nditions and much pressure for deliveries against account as quickly ag expor 
condition All the works are fully employed, bt supple of raw. and semi- i nied materials | been that there is y no hope yy a 
of raw material are not over satisfactory, sr factoring o to naan a iain) ye change in the position until end of the month at 
prospects in that direction are not reassuring. Forwerd 108. to tee. as are cr being | eat Throughs and smalls are practically unobtainable 








































inquiries could be better, but until the labour 

thro t the country has improved buyers are 

off. are strong and Panne an upward tendency, 

but the amount of the advance necessitated by the 

increases caused by the new railway rates has not yet 
determined. 


cia entin on oa 141. 7a, 6d. for prom berm | bom oe as colliery outputs are inadequate to meet 
of foundry iron, Increased tonnages of 4 hoops in the majority of cases absorbed in the 


and 
and sheets are needed f of contract obligations. Bunkers are exceed- 
i scarce, and there are instances of loaded vessels 
South Yorkshire Coat Trade.—Exeeptional activity eee, a and more becatise of the inability 
in all sections, due te the threat of extensive of owners to obtain their bunker requirements. There 
trouble, and the prospect of increased prices aré tien S Genaidesable number of vermis unable to leave 
Scoteh Pig-Iron Trade.—The great scarcity of ioaes ioe following the new advance in railway rates. Shipments thé disteles in ballast because é- the scarcity of bunkess. 
iron is still the feature in the Scotch pig-iron trade, are strictly controlled, but there is keen competition for Though colliery owners by a voluntary arrangement 
indeed nearly all grades of iron are scarce and the le. Gas fuels for despatch to France supply bunkers at fixed prices of for large, 75s. for 
continues. to rule firm. Casemmete keep complaining | realise upwards of 11/. per ton. Manufacturers of all throughs and sos ferenitin aia olde supplies 
about the difficulty in setting large enough deliveries | claases, andeaway companics, are pressing collieries for] 4 aka Ps of from 38. to 
for their requirements, but makers are doi ce a full contract deliveries for the purpose of enlarging 10s. per ton, while at Swansea aa much as 105s. has been 
to keep all customers. moving, and their ution [emergency reserves. Under this influence, slacks have for Swansea throughs, or 30s. over the colliery 
scheme is still in foree. The various works are running he ee Householders are taking advantage of and 90s. for steam large. It has now been 
steadily, but the tonnage is not increasing, and so the ely cireulated advice to fill their cellars against decided to allocate to individual makers the quantity 
consumers are being kept on short rations, Prices are the possibility of interrupted deliveries. All descriptions of coke which which they are permitted to export and pore 
without change, but the effect of the new railway rates +A ete being absorbed at maximum rates. =f for coal, have been issued for the purpose. 
is at present under consideration, and alongside them branch hand-picked, 37s. 2d. to available for foreign shipment is about so oe 
goes the easier tendency of freight on inward ore. | 38s. 2d. ; Barnsley best Silkstone, $78. 24. to S78. BE. ; cent. ge 4 the total make, and as this is nothing ee 
Hematite iron continues in heavy demand by the local Derbyshire best brights, 35s. 2d. to 368, 2d. ; Derbyshire cadinainnd ten. taaits enmedmememia ces are firm with 
steelmakers and it is still very scarce. house coal, $20. 84. to 33s. 24. ; Derbyshire = large 2208. to 2258. readily obtainable. The shortage of small 
General Trade Position.—The state of trade in general nog ag a —— = : ae shire "ed. m4 a “od . | coal has retarded the make of patent fuel and as-manu- 
throughout the West of Scotland exhibits signs of easing De . whi haste Se. 8d. ry 338. "Bd. ; x rough h lacks, facturers generally are fully booked up with contract 
off, and this is clearly shown by the number of workmen ee 


ed 
d. 1 commitments buyers on the open market are compell 
who call daily at the gate-houses seeking employment, ron = mn = ay nutty, 876. 34. to 28s. 2 omalie, to pay anything from 135s. to 140s., and at these raguibes 











t t so very | since sors was experienced are to supplies. Pitwood is irregular owing to 
in cooing dual ‘de oat wo Some establishments have an Sontasioalees of im) after the ent Siecher gers’ 
already reduced their numbers considerably, while strike. Tho there is a fair demand the trouble is the 
others salem ae otdoinglikewiee. In the engineer- NOTES FROM CLEVELAND AND THE ide are wee dle to take ee e of a shortage 
ing shops there quite a oc as wont doing, especially NORTHERN COUNTIES. to 55s., but these 
in the sugar machinery branc ship qrensent difhieulty DDLESBROUGH, Wednesday. res could be be ae iecounted by 28. 6d. to buyers able ts 
at present is the sh = of Sa oe material. Cleveland Iron Trade-——As was anticipated, 

Shipbuilders have lots of work at t, but no new eae have advanced heuer ralay eta which 

contrasts are —s ey result — a slack Become “ope costs due to bees way rates 

time is ahead of t ipbuilding industry in the course ag next mo —Messrs. Murra andé, 
of next year, unless labour takes a more rational view fied with the rise, which rather wes] PEBeO™ wae appointed a A ‘or the United 
of the situation. pen SOIT wee ne See ‘generally looked for. The extra rail eo tha so = ont Bars 


vessel about to be completed for service cannot — 
their way, and until the cost of production eases 
considerably few new orders will be placed with builders. 


Messrs. d Co., 
oe to the furnaces has certainly rendered . hog ee oe obeys Phones 
ap og 1 =e House, 150 -row, W.C. Telephone sale 
rom 
pa aga at by 7s. Pepe Cleveland '| Museum.—Having purchased the » jig tools 


Labour troubles are again on the.forefront of the horizon, ton, thus dynamos, motors. 
and within a few weeks the whole rs may be in the to home consumers 225¢ for No. 3 and the = Se Meee Avthur och 5 Farrer 
throes of one of the fiercest labour battles experienced on 2378. 6d. for No. 1. Producers finer Re Todman, Ryall ir Lyon a , 17, Vietoria- 


for quite # long time. The miners are now voting or | their decision not to sell for abroad so long as supply is 
or ageinet a strike, and if the affirmative is : + for home needs and there are no cePott facture and sale 8.W. 1, now 


Scotland in i clamouring for} 4: ufessuring Com 
but though Ss has 3a . ops with Fr se 





on the manu- 



























wages all round is driving oe a)l trade from our 








i man’s designs 
shores ig only too apparent to t-thinking ‘his week owing to more iron Aaa av : aedeus ll tested 
and a firm stand must be made Shae week’s holidays at the local consuming i. ‘oo poner. te od . — 
Cabinet has a aes to rks, supply is still inadequate. and all parts are interchangeable with the A. L. and W. 
country now in a) Tron.— Little news is inabl 5 f 
be hoped that a firm attitude will be were’ a ale Nie 
while we can only wait and see, — Re aitoes Torsten hen raised, Bowe | cone he 


—_—_——— — the burden of incressed a oa Tue Late Mr. Prrer Nuver m rwonan.—We 
( t are 2 curr a 
NOTES FROM SOUTH YORKSHIRE. ving sold their output to year to have to announce ish 08 


x merchants are still offering E Uddingston, on the ., of Mr. Peter 
, Wednesday. For ar) and 3 East Coast brands are 2606. No. I ‘Nisbet Cunningham, of the Clydesdale 
ore Labour Trouble.—Unless @ settlement i is reached 2628. 6d.; whilst for shipment to France, um} Works, Mossend,. Messrs. and lee 
before Saturday next, the engineering Italy, mixed Nos. are 265s, and No. | is 267s. Limited, for the last 24 years. y to ocoupying 
to be involved in further serious labour trouble. ‘Foreign Ore.—Sellers of imported ore are keen to the position with the Clydesdale Me. Cunningham 
from oe es of a non-union + erin 
Cam: Penistone works, the Soceae: 


ks 
contracts, and consumers are less disinclined to acted for many years as ieee. Wor 
to offers so that renewal of acti is looked for. thes fer corns then went to 
Union have forced a national issue. : 


aoeiee aced at equal to 478, to 488. mded the laying 
















vig ee ey Reve | @ Middlesbrough 
electricians is threatened. ‘Tees for best a |Iron and Steel . Cunningham 
state that the conflict, if i ‘Coke.—Coke tops strong. Sy is by no me was a eal Work, Rewwuaky aM. Iron and 
to firms who are members of the plentiful, but essential needs of Ted Tosttne ws casaabor Iron and Steel 
Federation. The attention, and since 1888, i Institution of 
indus’ would aim a serious blew at The wu coal and Shipbuilders in and a member 
generally, but the solr in Sheffield stand has checked For | of Committee on lurgy of the 
by their right to nominate whom they choose home purposes medium blast-f 9d. Royal Technical was also asso- 
mental foremen, and are not prepared the ovens, and quality low in p 3d. with of ‘ ‘and Arbitration 
without a stern struggle. the ovens. For export, fur coke | the os the land, in whose 
Irow end Sted.—More men : are quoted 2508., and gas-house his counsels had a . influence. Mr, 
from the heavy engineering secti ; Manufactured Fron and Steeh-—_Pinishied fron dnehed Cunningham was 67 years of age. 
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Me ‘ sections of labour due to the extreme shortage of 
AGENTS FOR “ ENGINEERING.”’ NOTICE. the products with which they deal That 6 pe 
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WAGES MOVEMENTS. 

Ar the recent hearing of the Industrial Court of 
the claim by the engineering and shipbuilding trades 
unions for increases in wages, a considerable portion 
of the evidence brought by the workers’ leaders 
was by way of comparisons between the earnings of 
various classes of skilled men both within and 
without the engineering and shipbuilding trades. 
The earnings of the average engineer were compared 
with those men who have charge of rolling mills in 
steel works, with London omnibus drivers, and with 
others, and it was urged that, relatively, the engineer 
as regards wages, was in a most unfavourable 
position. 

Supposing that this type of argument is carried 
to its logical conclusion, it is interesting to reflect 
how far it leads. Take the steel worker as an 
example. It is well known that the wages at 
present being paid to workers in charge of processes 
in steel works may reach the figure of 301. per week ; 
in fact, recently in a number of Sheffield steel 
works managers pointed out to their directors that 
they were earning less than many of the men under 
their charge. It is a well-known fact that on piece- 
work it is not uncommon for the workers to be 
receiving more money than the head foreman in 
charge of the whole shop, who sometimes is in 
receipt of more than the manager above him. 
That this is illogical and offers little inducement to 
men to gain advancement must, of course, be granted. 
The wage disparity in the case of various sections 





however, that, if it were conceded that the 

wages at present being paid should be Slide 
as the standard to which the lower should be raised, 
then the yee present economic system must fail. 
It is a 
which must take place, and especially is this’ beeom - 


readers | ng imminent where shipbuilding, marine engineering 


and several other industries are concerned. 

The evidence before the recent Industrial Court, 
to which reference was earlier made, shows that, 
within the last few months, over 100 contrasts ‘for 
ships have been cancelled. Little’ new work is at 
present being placed, and the direct uences 
with shipping freights falling and still tending down- 
wards, will be that shipowners will cease to place 
orders for new ships until such time as the cost: of 
production of ships and the depreciation on the 
capital outlay bears a reasonable proportion to the 
probable earning capacity of the vessels. We deem 
it well to urge full consideration of these points 
by all concerned. 

The sooner trades unionists realise that only 
upon an economically sound basis can busifiess 
be conducted without severe detriment to the whole 
community, the better. Tf, instead of urging 
employers to grant still more increases in wages, 
the engineering and shipbuilding trades unions 
would exert all their influence upon the coal miners 
and other producers of raw materials to speed up 
production, not only would ‘steel be cheaper, and 
shipbuilding be more economical, but there would 
be that margin of coal for export purposes whicli 
would tend to balance our foreign trade and 
stabilise our foreign exchange ratio. It would also 
give the shipping ‘industry ‘a greater degree 
of certainty of freights, would re-votablish vital 
industries in other countries starved at present for 
the lack of coal, and would enable commodities, for 
which we depend on foreign markets, to be mant: 
factured ‘there at less cost, to be brought to this 
country at lower fteights, and’ to be sold in our 


markets at a price more advan us ta 
reduction in the cost of living. trades 
unionists take such a view and forget sectionalism, 


then they will also have taken the first step towards 
establishing substantial proofs of their capacity to 


and individuals in any industry, district or works | govern. 


is at present the cause of very great discontent. 
In a measure, it is the outcome of the war and its 
conditions. Prior to the war there were, of course, 
many anomalies, but they were the result of condi- 
tions which had very gradually developed around 
industrial growth and were regarded as inseparable 
from the industry or grade in arr they were 
operative. 

During the last five years, m icvvieniguit in regard 
to wages and costs have been extremely rapid. 


4G€ | Some have taken place on a basis which was regarded 
1 | a8 just and equitable under pre-war conditions, but 


which now gives extreme results. So long as 
industry is in a thriving condition, little movement 
towards a rationalising of the basis can be expected, 
although to wait until conditions, if ever, return 
to a sufficiently near approximation to the pre-war 
state will be impossible. Such cases for instance 
as where wages rose and fell with the selling price 
of the commodity being manufactured, worked well 
within the limits of variation of such prices’ and 
values experienced in the period between the in- 
auguration of the system and 1914. At the present 
time, however, due to the extraordinary high ‘cost 
of coal and other raw materials, the selling price 
has increased out of all proportion to the increases 
in cost of living, so that the wages earned by these 
men have been proportionately augmented. This 
has created discontent on the part of those ‘who 
Teceived increases of wages only in accordance with 


2% | the cost of living. 


Furthermore, within recent months, “largé in- 
creases of wages have been granted to certain 





To ttn text to & comaideratidh of dhe peaition if 
members of the staffs of industries, whose remuriera+ 
tion in general has not increased comparably with the 
rise in the cost of living. Firstly, it must always be 
borne in mind that this case’is quite apart from 
others, because of the greater security of tenure’ of 
position, the generous nature of bonuses often given, 
holidays and periods off work due to lines not to 
be discounted, and other factors. aw 4 

On the other hand, is wpor the bvatab’of industey 


that future most directly depends. One 
of the lessons t by the experience of the war 
was that inc confidence’ may be placed upon 
the fact that where scientific ingenuity and attain- 


ment are concerned, we can éxpect to take the 
first place, provided the necessary stimulus is present. 
During the war, when once the eorditions to be met 
were understood, and the brains of the ‘country 
were organised to concentrate upon the problems 
formulated by growing experience, solutions in- 
genious, apt, and scientifically in advance of those 
ot Guy’ Uae atlaly Se atin, wee geneeeay forth- 
coming. 

As time advanced pre-war experience in the 
dephibiring ‘Et wee palnilty assumed less and less 
significance, an 7 the Gori ot Oni own Ausigaaal all 
constructors showed the greater ascendancy. In 
making these statements, significance must be given 
to the fact that we were placed in a favourable 
position by virtue of having a greater of raw 
matérials than was available to most forces 
with whom comparison is being made. However, the 
general statement holds good. The same ingenuity 
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and degree of scientific attainmentare required by the 
problems of reconstruction now, being undertaken, 
and are essential to a maintenance of steady progress. 
It is earnestly urged that. this issue, shall not be 
overlooked and that industry shall give to brains 
their due and fair measure of reward; a short- 
sighted policy in regard to this matter would 
seriously react to the detriment of the future. 





THE INDUSTRIAL REVIVAL OF 
BRAZIL 


Amone the countries that have benefited com- 
mercially and financially by reason of the war, 
Brazil occupies a very favourable situation. In 
1914 the country’s industrial and economic position 
was not good. Prices of Brazilian products had 
fallen and her international trade had declined. 
Her foreign borrowings had increased by no less than 
190,000,0001. during the preceding seven years, 
and her Federal Customs revenue had declined to an 
alarming extent, Many local textile and other 
factories had closed down altogether, or had reduced 
their working hours, through lack of capital where- 
with to purchase raw material, and a marked general 
depression was everywhere in evidence. 

During the first year of the war there was little 
general improvement. Some revival in local 
industries took place towards its close, and the rate 
of foreign exchange became rather more favourable. 
But it was not.until 1916 that Brazil really com- 
menced to reap any benefit from war conditions, 
During this year her imports increased and com- 
manded higher prices, while new products had begun 
to be exported. A number of new industries had 
sprung up, existing factories were worked to the 
limit of their output, and new factories were built. 
The industrial and financial revival of Brazil had 
eommenced, In 1917 the trade expansion which 
had made its appearance during the previous year 
was continued and accelerated, and although the 
entry of Brazil into the war during October of that 
year to some extent embarrassed her commercial 
activities it did not auffice, owing to the country’s 
favourable geographical position, materially to 
check progress. During the remainder of the war, 
and during the period that has since elapsed, the 
development of Brazilian industries has been 
imaintained, her trade expansion has continued and 
her financial resuscitation has persisted. 

In, 1913..the total value of Brazil’s imports 
amounted to 67,166,0001, and her exports to 
64,849,0001, giving an adverse trade balance of 
2;317,0007, For the first nine months of 1919. the 
total value of her imports was 57,697,0001, while 
her exports had increased in value to 94,051,0001 
At the time of writing complete figures for the year 
1919 are not available, but on the assumption that 
both exports and imports remained the same for 
the last three months of the year as for the other 
nine, Brazilian imports will have increased by only 
a little more than 7 per cent. in the six years 1913 
te 1919, while her exports will have increased by 
about 81 per cent, during the same period. In 
1913 Brazil was economically in a precarious position. 
Her vast natural resources were largely unexploited 
owing to lack of the capital to overcome 
the difficulties that had to be surmounted in order 
that they might be developed, To-day the country 
is economically sound, and is in a vastly improved 
financial, position, while as a result of these im- 
proved conditions the exploitation on a much larger 
seale of her natural resources may be confidently 
anticipated. 

The potential. wealth of Brazil is enormous, 
and in view of the country’s present prosperous 
condition it is probable that the realisation of this 
wealth may be one of the outstanding features in 
the commercial world during the coming years. 
Apart. from her very considerable agricultural 
industries and the wealth of her forests, Brazil is 
the possessor of important mineral deposits. Of 
these the gold and diamond mines have alone been 
extensively worked. of which there are 
almost inexhaustible quantities, has been mined on 
@ large scale, and bas formed one of the important 
exports of the country. But in spite of their 
importance existing operations have done little 
more than point the way to operations on an 


infinitely larger scale, Iron ore, with which the 
country is particularly well endowed, has not been 
mined to any considerable extent on account of the 
inaccessibility of many of the richest deposits, and 
the same factor has prohibited the extensive working 
of the coal measures. There aré considerable 
deposits of coal in the Southern States, some of 
which have been developed to a certain extent: 
The coal, however, is not of good quality, and on 
combustion leaves a high percentage of ash. Some 
tests, however, recently carried out on the Central 
Railway of Brazil with pulverised Brazilian coal 
are said to have been quite satisfactory, and it is 
possible that in future the coal-mining industry of 
the country may assume an enhanced commercial 
importance as a consequence. supplies of 
coal are available from purely s' workings. 
In striking contrast to the indifferent quality of the 
coal is the quality of the iron ore. This is not only 
very plentiful, but in many cases it is also extremely 
rich. The iron ore deposits ii Minas Geraes alone 
are said to contain 3,000,000,000 tons of mineral, 
the proportion of metal averaging some 50 per cent. 
It is very doubtful if any country possesses larger 
deposits of iron ore than does Brazil, and it is 
probable that the mining and working of this metal 
may eventually become the principal industry of the 
country. 

The great difficulty that stands in the way of a 
more extensive exploitation of the natural resources 
of Brazil is the matter of transportation. So far 
as maritime communication is concerned the 
equntry is fairly satisfactorily placed. But con- 
sidering her size and population the railways are 
inadequate. Only some 18,500 miles are at present 
in operation, much of it being single track and all 
of it indifferently equipped and short of rolling-stock. 
The topographical difficulties which the railway 
engineer meets with in most parts of the country, 
together with the high price of material, renders the 
cost of construction excessive, and necessitates the 
imposition of high freight rates. These in turn 
militate against the commercial development in the 
more remote districts of industries which involve 
the railroad transport of commodities having a 
relatively low value per ton, such as coal and iron, 
But in the case of the latter the richness and abund- 
ance of the ores may so cheapen the process of 
smelting as to render highly profitable the exploita- 
tion on a large scale of deposits which are not too 
favourably situated from the geographical point 
of view. This factor of transport charges is one 
which should be taken into account in estimating the 
possibilities of the development of the iron and steel 
industries in Brazil. That the Government has 
faith in such possibilities is, however, evinced by 
the fact that in March, 1918, a decree was issued 
authorising Government mortgage loans to all 
concerns engaged in the manufacture of iron and 
steel up to the amount of capital invested in the 
installation of the plant. 

Another factor which may have an important 
bearing on the industrial future of the country 
is the possession of almost unlimited water power. 
This is estimated at 50,000,000 h.p., of which only 
a small fraction of 1 per cent. has so far been 
utilised. Fuel oil, which is found in considerable 
quantities within easy reach of the seaboard, and 
which is said to have a high calorific value, may 
also have an important influence on the industrial 
situation. 

In view of the fact that Brazil has, during the war, 
assumed a position in international commerce 
which she did not formerly occupy, and of the 
prospect of her rapidly improving on that position 
during the next few years, the trade relationship 
of this country with Brazil is worth consideration, 
In 1913 Brazil imported from us about 16,000,0001 
worth of goods, coal being the principal single item, 
and engineering products of various descriptions 
being second in importance, During the same year 
her imports from Germany amounted to 11,750,000L, 
engineering and scientific products forming an 
important proportion of this total, while her imports 
from the United States were worth 10,500,000 
During the war imports from Germany ceased, owing 
to the unwelcome attentions of the British Navy, 
while our own exports to Brazil decreased to 





11,200,0002 in 1918, a figure which was barely 





reached last year. On the other hand, imports 
from the United States rapidly increased” during th:- 
war, the total. value for 1919. approximating 
36,000,0002, - They included such significant items 
as motor cars and spare parts, railway rolling-stock, 
electrical machinery, hardware and cutlery, leather 
belting, tin plates, wagons and agricultural 
machinery, and considerable quantities~of.manu- 
factured iron and steel. . In other words, the United 
States has been successful in capturing not only the 
temporarily-vacated German market, but also a 
considerable share of ours. 

American trade in Brazil has been carefully 
fostered during recent years by a large amount: of 
advertising and propaganda work. In:spite of this, 
however, the British enjoy a far higher commercial 
reputation throughout the country than any other 
nation, and if use could’ be made of this reputation 
by the adoption of modern and intensive selling 
methods the manufacturers of this country might not 
only get back all the trade which has been lost as a 
result. of war conditions, but might share largely 
in the increased. business which will.accrue during 
the coming years from the further industrial develop- 
ment of the country. 

In order to do this, however, it is essential that 
home manufacturers should have stoeks of machin- 
ery on the spot. The average Brazilian purchaser 
will always buy what is immediately available in pre- 
ference to waiting for some months for the execution 
of his order, even if the machinery offered is not 
exactly what he wants. Standard types of 
machinery should therefore be stocked ready for 
immediate sale. Carefully organised advertising 
should also be adopted if successful competition with 
United States exporters is to be attained. There is 
plenty of room for British engineering products in 
Brazil, and for the establishemnt. there of new 
British firms. .The extension of British enterprise 
in this country promises to prove a lucrative invest- 
ment for the firms who recognise the possibilities of 
the Brazilian market, and who go to work ‘upon 
the right lines to realise such possibilities. 





FLOODS. 

TE destruction of) the town of Louth by an 
extraordinary flood in the River Lud, and the 
heavy falls of rain all over this country during this 
year serve to bring to mind the great intensity of 
rainfall in the tropics. In India, where, as 
Blandford says, it never rains but pours, falls of 
3 in. to 4 in. in an hour are not rare, and last for 
2 hours or 3 hours in succession. Calcutta has 
recorded. 4 in. in 1} hours, and 12 in. within 3 hours. 
Bombay has had. rainfalls of 4} in. in an hour. In 
Madras 17 in, fgll in 12 hours, and 1-2 in. has been 
recorded in } hour. In Nagpur, Central India, 
where the rainfall is scanty, 3} in. has been re- 
corded in 1} hours. 

At Leuth; on Saturday, May 29 of this year, 
rain began to fall at 5 p.m., arid by 5.30 it was 
falling in torrents. The.intensity of the rainfall at 
Hallington, in the centre of the catchment basin of 
the Lud above the town of Louth, is stated to have 
been about 4-7 in. im 2} hours, and it is probable 
that the rain fell with the same intensity all over this 
portion of the basin, some 20 sq. miles to 30 sq. 
miles in extent. The water in the river is stated to 
have risen 2 ft. in 10 minutes, and reached its 
maximum height about midnight of the same 
evening. 

The catchment basin of the Lud above the town 
of Louth is fan shaped, with the handle of the fan 
at Louth ; the country has a fall of over 300 ft. in @ 
few miles from the Wolds to the town; and the 
nature of the basin is described as chalk hills 
cultivated with large farms, likely to give a heavy 
run-off when saturated. The heavy rainfall, com- 
bined with the steep slope of the catchment basin, 
must have brought. every tributary of the river in 
full flood almost at the same time into Louth, the 
handle of the fan, so much so that the waterway of 
the river was insufficient to carry off the discharge of 
the river, the waters sweeping over the river banks, 
and flooding the town. It is possible that the 
canalisation of the river below Louth reduced the 
slope of the river or its-hydraulic’ gradient, with 
the result that the flood was not carried away 46 
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fast as it came in, resulting in the heading up of the 
water in town. 

The flood at Louth resembles that at Eri Mile 
Creek, Isle Bay, U.S. The basin above Lake Eri 
has a sandy, gravelly soil underlaid by a slate 
formation resulting in a high rate of run-off when 
saturated ; the general level of the country, being 
some 500 ft. to 700 ft. higher than the level of the 
lake, and the fall of the river for 2 miles above the 
town being about 1 ft. in 100 ft. The rainfall was 
reported to be 5:77 in. from 3.30 in the afternoon 
to 5.30 of the next morning, the rainfall in the hilly 
portion of the river basin being estimated at 40 per 
cent, greater than that registered in the town! 
The greatest intensity of the rainfall was 1} in. in 
} hour, The run-off or maximum flood discharge wag 
estimated to be 11,000 cusecs from a catchment 
basin of 11 sq. miles, or equivalent to a maximum 
rate of run-off of 1-56 in. per square mile of catch- 
ment per hour; or over 50 per cent. of the greatest 
intensity of the rainfall on the basin, 

The River Musi, in Hyderabad, Deccan, came 
down in an abnormal flood in September, 1908, and 
caused. a. considerable amount of damage to the 
town of Hyderabad. The maximum rate of the 
flood discharge was estimated to be equivalent to 4 
run-off of 0-75 in, per square mile per hour from its 
catchment basin of 862 sq. miles, a very high rate 
of run-off for so large a basin. 

The River Charges, Panama Canal area, abov 

Bohio, having a drainage area of 700 sq. miles, wi 
a soil composed of limestone and trap, and being 
also wooded, brought down a flood equivalent to 4 
run-off of 0-25 in. per square mile per hour— 
considerably less than the flood intensity of the 
Musi. 
w Abnormal floods of the nature described above 
occur at periodic intervals of time, and it is one of 
the most difficult problems for a civil engineer to 
prognosticate the frequency of such floods, to 
design works to prevent or mitigate the damage and 
destruction caused by them and to decide whether 
the circumstances are such as to justify the expendi- 
ture necessary to carry out such works. 





ECONOMY IN THE USE OF COAL. 

Evrn when normal conditions are restored, we 
cannot expect to obtain coal at anything like pre-war 
prices. We shall accordingly be compelled—willingly 
or unwillingly—to economise. In the past, we have 
as a nation been far from free from reproach con- 
cerning the use made of our coal. Much of this 
waste and extravagance was, however, unavoidable 
in the very nature of things. The pioneer has 
inevitably to waste resources for which his successors 
may mourn; but if there had been no pio : 
there would have been no successors, and if wo ted 
refrained from using our coal until we had learnt 
the most economical methods of so doing so these 
methods would never have been devised. Never- 
theless, practices pardonable in our past industrial 
development have lingered on when no longer 
justifiable, and would continue to do so indefinitely 
could coal still be obtained at pre-war prices. The 
note of alarm was sounded shortly after the outbreak 
of the war, and in 1916 the British Association 
appointed a committee to make a thorough in- 
vestigation into the question of fuel economy, The 
third report just issued is largely concerned with 
statistical matters, and attention is drawn to the 
fact that the methods of compiling official statistics 
vary from country to country. It is suggested that 
an international conference should be summoned, 
to deal with this question. As matters stand the 
figures given for output, for the number of men em- 
ployed, and for mining accidents are not comparable 
for different countries. In England, for example, an 
accident is considered fatal if it results in death 
within a year. In Belgium, only if death occurs 
within 30 days. Again, in this country a non-fatal 
accident must be reported if the victim is disabled 
for more than 7 days. In France the corresponding 
term is 20, and in Belgium the accident is not 
recorded unless it results in permanent disability, 
partial or complete. 

The committee report suecessful experiments at 
Skinningrove on the production of alcohol from 
debenzolised coke-oven gas, which contains trom 
2 per cent. to 2-5, per cent. of olefines, and it. is 


these-which are converted into-alcohol, It is 

in the report that, on a large scale, 1-6 gallons 
absolute alcohol could be recovered per ton o 
Durham coal coke, and that our by-product cok 
ovens should be able to supply an aggregate of 
24,000,000 gallons per annum of absolute alcohol, 
Exception is taken in the report to certain features 
of the “ Gas Regulation Bill,” which substitutes 
calorific standard for the luminosity prem os! 
1 bhp Min troay As originally framed the Bill 


constituents permissible in the gas supplied. The 
matter is.of considerable importance since, fot 
example, the presence of carbon dioxide cools the 
flame and thus renders the gas less suitable for 
lighting with mantles or for use in fires: The 
restriction in the amount of incombustible ingre' 
dients was, however, deleted whilst the Bill was in 
committee, and the matter left for subsequen 
decision on the basis of a proposed Board of Trade 
inquiry: The Board of Trade is also charged by the 
Act with fixing the percentage of carbon monoxide 
that may with safety be permitted. This year the 
committee have no progress to report on the matter 
of low-temperature carbonisation of coal, nor on 
another important subject they have under review, 
viz:, the thermal efficiencies attainable in different 
uses of fuel. The question of the possibility of 
improved method of mining our coal does not seem 
to be ing the attention of the committee; 
The late Sir William Ramsay, it will be remem: 
bered, maintained that it was practicable to gasify 
thin coal seams in sitv, a feat which would enor- 


reduce costs. His scheme did not commend itself 
as practicable to mining engineers, but some experi- 
ments were made, which, however, were impeded 
by his ill-health and brought to an end by his 
death. In view of present developments, it might 
be well if the committee would add to the list of 
investigations that they have now in hand a 
thorough inquiry into the practicability of Sir 
William Ramsay's schemes, forbidding though the 
attendant difficulties appear. 


THE. BRITISH ASSOCIATION. 

Op members of the British Association who had’ 
attended the 1891 meeting at Cardiff will not much 
have been helped by their geographical reminiscences: 
in finding their way to the various Association rooms; 
during the present meeting A new Cardiff has: 
grown up since the City Council acquired Cathays; 
Park from the Marquess of Bute, and when the great) 
project: for utilising the site has been fully carried 
out, Cardiff will possess a group of public build- 
ings unrivalled in the Uni Kingdom. The 
‘Assembly Room of the City Hall makes a splendid 
Reception Room, and all the sections are well 
and adequately quartered either in the Techno- 
logical College or in the University College ; Sec- 
tion G—that devoted to engineering—has a build- 
ing for itself, as we stated in our article a fortnight 
ago, and enjoys the hospitality of the South Wales 
Institute of Engineers. The Handbook* to Cardiff, 
and Neighbourhood, prepared for the British 
Association visit by Mr. Howard M. Howlett and 
various experts, recalls in its compass and contents 
the good pre-war days and the 1891 Handbook ; 
of late, the Association handbooks have naturally 
dwindled in size. The needs of economy have also 
affected the journal: Formerly a new journal, 
giving the sectional programmes, was issued every 
morning. Now one journal is printed for the whole 
meeting, notice of subsequent alterations being 
given in the Reception Room. The journal also 
embodies short abstracts of some papers which 
previously would have been printed on separate 
sheets. 





The arrangements for the excursions and visits to 
works are mostly in charge of the sectional officers. 
Some sections meet in the afternoons as well as in 
the mornings. But Saturday is so far left free for 
two excursions, the one to the Wye Valley 
and Tintern, the other to Weston-super-Mare, Glas- 
tonbury, Wells and Cheddar. 

The sectional proceedings were opened on Tuesday 
morning. ‘The President of the Association, Pro- 

* A léa ication of 314 pages, with m nted 
by Messrs. William Lewis, Ltd., Cardiff, es 








* limit. to the proportion of incombustible |) 


mously increase our fuel reserves and might greatly | ! 
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fessor William A. CB.E., D.Sc, LLD,, 
F.B.S., of Liverpool University delivered his address 
on evening. 


OCEANOGRAPHY AND THE SEA FrsweErres. 


The subject which Professor Herdman had chosen 
for his address is peculiarly his 


are not new can be 
ired by studies of the new curricula. 
When Sir William Huggins took the chair at 


spoke as representative of the youngest. science, 
oceanography, which could not grow up before 
physics, chemistry and 2 ae el i a 
relatively mature development, Professor Herdman 

ignated as father of the late 
Sir John Murray, who had declined nomination, to the 
Presidency of the Association because his maritime 
explorations—he made his last ition when over 
oP aaa Ry wily: somgg smal . Hyort in 1912— 


not left him time, Murray introduced the 
Ceiedaains » i VAT, Paden donee 
before him, written of “ thalassography.” 
Pytheas passing, in the fourth century B.C., thro 
the pillars of Hercules into the Atlantic and to, 
British Seas, was in a way an La 4 
Edward Forbes was a modern pioneer On 
instigation of Forbes the ing Committee of 
British Association was establi in, 1 
naturalist’s dredge had first, been used 
O. F. Miller, in 1799—and the British 


: 


has indeed inspired and fostered new lines of 
research in this field as in others, That the 
Government fitted out the tning in 1868 and 


the Porcupine in 1869 for, scientific maritime 
exploration was due to Forbes and to the 
British Association. chiefs of these expeditions, 
Wyville Thomson and W, B. ter, were again 
the scientific leaders of the “‘, ” expediti 
in 1872-76, The final reports of that. expedition 
re after [Thomson's death, edited by Sir John 

urray. 

These and the later expeditions disproved many 
a fact again that the earlier explorations seemed to 


have established. The oo pher has literally 
to grope in the dark. for samples that may, be at 
the other end of a wire 10 miles long, as Professor 


Herdman put it. Thus Edward For 
that the deep sea must be devoid of life; 
thought that the medium depths would. be in 
life at any rate, whilst it, is_ now. beliey 
abundant life extends down to the greatest depths 
known, of about 6 miles, Sixty years ago cable 
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dredgers brought up @ mysterious mud from the 
bottom of ‘the Atlantic, in which Huxley and 
Haeckel discovered an exceedingly primitive proto- 
plasmic organism ; by 1879. Huxley had to admit 
that “the bathybius had not fulfilled its promises ” 
—it turned out to be essentially calcium sul- 
phate. * 

The problem of the propagation of the eel is not 
completely solved yet. We know that the maturing 
eels descend our rivers*and travel far out into the 
sea where, beyond the Azores, in depths of 2,000 
fathoms, Johannes Schmidt actually found the 
‘smallest larve, only in. in length, which when 
bigger were known as the tapelike transparent 
le subsequently turning into “ elvers.”’ 
But the actual spawning of eels has not yet been 
observed. Their propagation to require 
deep water not colder 7 deg. C., of high salinity. 
Now Otto Pettersson observed bottom waves of high 
salinity in the Kattegat; the bankwater seemed 
to be sucked into the Swedish fjords, bringing plenty 
of fish with it. 

Such submarine waves, currents, tem ture, 
&c., are certainly very important for the planckton, 
‘the floating life of the sea (vegetable and animal), 
the staple food of herrings and mackerels, &c., 
and also of the more fastidious French sardines 
which select their diet. It is not certain that 
plankton is more abundant in temperate than in 
tropical waters. The yellow alga trichodesmium 
(the “ sawdust ” of Cook), common in the Red Sea, 
may cover immense areas of the Indian Ocean. 
Warmth accelerates reaction and development, 
chemical as well as biological, which cold inhibits. 
But heat also favours the multiplication of nefarious 
bacteria which do not spare low organisms. The 
massive calcareous shells of molluscs and the vast 
deposits of calcium carbonate by corals are charac- 
teristic of the tropical seas, whilst the larger animals 
of the cold seas are mostly soft-bodied, and the 
diatomaceous ooze of the Antarctic is siliceous. 
There, again, however, bacteria, the bacillus calcis 
of Thomas Drew, which precipitates calcium salts 
on the Florida coasts, may play 4 part. The 
alkalinity of the sea water is another important 
factor. The warm water of the Gulf Stream is 
more alkaline than the cold water of the Labrador 
current, and near the Isle of Man the alkalinity has 
a maximum in April and a secondary maximum in 
autumn, suggesting seasonal changes that coincide 
with the abundance of plankton. 

Tn gt conttol these factors quantitative 
éstimates e numbers of i fish 
&c., were first made at Kiel. Hensen passed the 
water through nets; Lohmann and others of his 
colleagues tried filter paper and the much finer 
pores of the beautiful filters spun by the pelagic 
appendicularia for the capture of its own food ; 
Johan Petersen uses a bottom sampler to a Teg 
mud or sand from the sea bottom ; Dr. E. J. Allen, 
pf the Plymouth Marine Laboratory, dilutes very 
small samples of sea water with sterilised water 
treated with a nutrient solution, and then counts 
the organisms developing. All these estimates 
depend much on the accidental shitability of the 
square metre of sea surface selected, and thus upon 
weather and current. Yet the results show a certain 
uniformity, and it seems Clear that an area of the 
sea may be more productive of food than a similar 
area of pasture or crops on land. Thus systematic 
study will repay itself. But lecturing at the Royal 
Institution in 1847, Edward Forbes had occasion to 
blame the Government y for their mismanage- 
ment of submarine research and the sea-fishery 
question, and little is done even now. The whole 
siete of these islands owes much to the sea. 

concluding his address, Professor Herdman asked 
“What are you doing at Ca to advance our 
knowl of the ocean ?” 

To question, however, the Lord Mayor of 
Cardiff, Councillor G. F. Forsdike, made no definite 
answer, when welcoming the Association, and 
proposing a vote of thanks to the President. 
Referring to the atmosphere of unrest with which 
he had ‘had to deal—the strike of the Corporation 
employees—he remarked that the man of Cardiff 
was more interested in having fresh on his 
breakfast table than in what the lived on. 
But the merchant princes of the district should not 
fail to'support a work of such truly national import- 





ance. Sir Oliver Lodge seconded the vote of 
thanks in an equally happy speech. 


We should not omit to mention that Sir Charles 
Parsons, in vacating the chair, dwelt’ upon the 
sad losses the Association had ‘quite recently 
sustained in the deaths of Professor Perry, the 
Treasurer, Sir Norman Lockyer, a Past-President, 
and Mr. H. C. Stewardson, since 1873 the faithful 
Clerk and Assistant Treasurer to the Association. 
Professor T. H. Turner announced that (1,317 
members had so far entered their names. We now 
pass on to our account of the sectional proceed- 
ings, beginning with Section G, Engineering. 

Secrion G.—ENGINEERING. 


The Engineering Section met in the lecture hall 
of the South Wales Institute of Engineers on 
Tuesday morning, and the ings commenced 
with the reading by Professor C. F. Jenkin, C.B.E., 
of his Presidential Address of the section. There 
was, however, a very poor attendance, only from 
20 to 30 members being present. The address, 
which we reprint on page 290 of this issue, was 
naturally, not open for discussion, but, in proposing 
a vote of thanks to Professor Jenkin at its con- 
clusion, Professor Henderson mentioned that in the 
older branches of engineering it was possible to 
cover ignorance by employing large factors of safety, 
but this was not possible in aircraft design, and 
hence the necessity for accurate knowledge of the 
strength of materials. The speaker was not, he 
said, an authority on the subject himself, but he had 
little doubt that the address would have produced 
a most valuable discussion had that been possible. 
In any ease Professor Jenkin was to be congratulated 
on having obtained permission to publish the very 
useful data included in the address, which would 
be of the utmost value to engineers. The vote of 
thanks was seconded by Professor F. C. Lea, who 
emphasised the point that, what was. required to 
increase our knowledge of the subject of strength of 
materials, was to carry out experiments of a funda- 
mental nature as Professor Jenkin had done. 
Professor Lea thought that engineers were inclined 
to neglect the assistance they might derive from 
the co-operation of mathematicians and experi- 
mentalists, and this appeared to him to be rather 
unfortunate as the engineer’s own knowledge of 
mathematics was apt to become rusty. 


Testina Mareriats at Hich TEMPERATURES. 


After the vote of thanks had been carried with 
acclamation, Professor Jenkin called on Professor 
Lea to read his paper on testing materials at high 
temperatures. We reproduce this paper on page 293 
of this issue, so that we may at once proceed to 
deal with the discussion. Professor Jenkin, in 
opening the discussion, referred to the trouble 
experienced with the exhaust valve springs of rotary 
engines for aeroplanes. These springs, he said, 
had broken in large numbers, and, on investigation, 
it had been found that the strength of the steel from 
which they were made was reduced to one-half its 
normal value at the temperature to which the 
springs were subjected in working. 

Professor Hudson Beare, the next speaker in the 
discussion, said the author had pursued a valuable 
line of investigation that was of great importance 
in connection with the design of internal-combustion 
engines. He hoped that other workers would take 
up the subject. and proceed on similar lines to 
Professor Lea. In connection with the fire pro- 
tection of ferro-concrete structures it was extremely 
interesting to know to what extent the steel was 
protected by the concrete from the high tempera- 
tures to which it would otherwise be directly exposed. 
Referring to the matter of cracking of the concrete 
during cooling, which Professor Lea had stated 
was worse when the cooling took place in the open 
air than when the cooling occurred in the furnace, 
Professor Beare pointed out that, in the ordinary 
way, after a fire the concrete would be cooled by a 
jet of water, and he inquired what would happen 
then. He expected that the concrete would scale 
off and expose the steel to the action of the flame, 
which would not be immediately extinguished. 
This would be serious, especially in the case of 
columns, and might lead to the collapse of the 
structure. He thought experiments in this matter 
might well be carried out in the laboratory, as some 
full-size experiments carried out abroad at ‘con- 





siderable expense, had not produced much useful 
information. 

Professor J. T. MacGregor-Morris, who followed, 
said he wished to refer to one or two electrica! 
matters. In connection with Fig. 2 of the paper 
(see page 293 of this issue) which showed a potentio- 
meter method of measuring the E.M.F. of the 
thermo-couples, he asked what was the use of the 
fine adjustment resistance in series with the galvano- 
meter. Continuing, the speaker said the information 
given as to the design of the furnaces’ was most 
useiul, but he would be glad if Professor Lea could 
add to it the size and the approximate length of 
the wire used. He would also like to know the 
volts, amperes and watts used by the furnaces. 

Mr. ©. E. Stromeyer, called on by Professor 
Jenkin, said he had no questions to ask, but he 
thought the case of the explosion of a cast-iron 
steam pipe, which had come to his notice, had a 
bearing upon the subject matter of the paper. The 
pipe, which, he said, had been in use for some 
thirty-five years, first at a pressure of 145 Ib. per 
square inch and afterwards at 120 Ib. per square 
inch, had suddenly burst, having split longitudinally 
throughout the whole of its length. The interesting 
feature, however, was the fact that the fracture did 
not close up after the explosion, but remained open 
for about } in., indicating a very severe compressive 
stress on the inside of the pipe and a tensile stress 
on the outside. He asked what was the cause of the 
compressive stress. 

The only other speaker on this paper was Professor 
W. H. Watkinson, who asked what were the melting- 
points of the various alloys tested. There must, 
he said, be some relation between the melting-points 
and the plasticity indicated by the curves. Referring 
to Fig. 17 of the paper (see page 295 of this issue), 
which showed how the tensile strength of mild steel 
varied with the temperature, the speaker pointed out 
that the maximum strength occurred in the neigh- 
bourhood of the temperatures used in steam boilers 
which, he said, was a particularly fortunate circum- 
stance. In connection with the fire protection of 
ferro-concrete structures, he suggested that steel 
tubes might be used instead of rods, water being 
caused by automatic means to circulate through 
the tubes in the event of fire, so that the steel 
would not be overheated. He did not think the 
cost of such an arrangement would be excessive, 
and it would certainly save the structure from 
collapse. 

Replying to Professor Beare, Professor Lea stated 
that he had not yet carried out experiments on the 
effects of suddenly cooling concrete. He had, 
however, seen a number of experiments carried out 
on large slabs which had been exposed to a tempera- 
ture of 1,800 deg. F. for about 4 hours. A jet of 
water directed on to the slabs had caused consider- 
able damage in some cases, but in others the damage 
was only slight. He intended later on to try the 
effect of quenching the specimens suddenly. In 
reply to Professor MacGregor-Morris, Professor Lea 
explained that the fine adjustment shown in Fig. 2 
of his paper was incorrectly designated as such. 
It was actually used to protect the galvanometer 
during the process of obtaining the first rough 
adjustment, and was afterwards cut out to obtain 
the final correct reading. He could not remember 
the exact size and length of the resistance wires 
used for the furnaces, but he thought that, in the 
large furnace, it was of about 12 gauge, and in the 
small furnace about 18 gauge. The voltage used 
was generally either 220 or 110, and in designing a 
furnace they first determined the resistance of a 
certain length of wire, and decided upon the maxi- 
mum current to be employed, making the length of 
wire as great as possible consistent with the current 
to be carried and the voltage available. In order 
to avoid the use of external resistances he now 
employed a direct-current generator, the field of 
which could be varied so as to produce a terminal 
v ranging from 250 to 10. The temperature 
of a furnace could thus oA goat a7 witho ni bn 
of energy, by adjusti e applied voltage. He 

with Picador Wtktide tak it would have 

been useful to have given the melting-points of the 
alloys used, but he had not thought of this in 
his paper. The metals and alloys were, 

wever, all of standard qualities, the melting-points 
of which were well known. With regard to the 
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use of water-cooling pipes in ferro-concrete struc- 
tures, he thought some trouble might be experienced 
owing to corrosioti, but the suggestion was, for all 
that, a. valuable one. He thanked ‘the meeting for 
the reception given to his paper. 

Professor Jenkin then announced ‘that the next 
paper on the programme, viz., that by Mr. Eric 
Jones, on “ Experiments on Impact Torsion,” had 
been withdrawn owing to the illness of the author, 
and he called on Colonel R. E: Crompton to read 
his paper on the “Cutting Edges of Tools.” _ 

Tue Currinc. Epcss or Toors. ~ . 

After reading his paper, which we reproduce on 
page 292 of this issue, Colonel Crompton apologised 
for what he described as the crude form in which it 
had been presented owing to the short time at his 
disposal. Professor Jenkin, rising to open’ the 
discussion, said no apology was necessary from 
Colonel Crompton, as the paper was a particularly 
interesting one. He asked the author to define 
exactly what was meant by the cutting angle, as all 
cutting edges were really rounded if examined at a 
sufficiently high magnification, and also inquired 
the meaning of the sawing action referred to in the 
paper. Professor Jenkin mentioned that he had 
recently seen a new form of blade for a reaping 
machine in which the knives were formed with 
serrated edges. These blades, he said, retained 
their form without sharpening. 

Mr. ©. E. Stromeyer, the first speaker, referred 
to the covering iron used with a carpenter’s plane. 
He thought the object of this iron was not so much 
to protect the upper surface of the plane iron from 
wear as to cause the shavings to curl up. He had 
used planes both with and without covering irons, 
and, in the latter case, had found that there was a 
tendency to plough wp the wood and leave a rough 
surface. With lathes and other similar tools,’ the 
upper surface was Certainly worn away as well as the 
under surface, and evidently some metal which 
would resist this wear was required. At first sight 
it would appear that manganese steel, which was 
but little affected by abrasion, would be excellent 
for such tools, but actually it was one of the worst 
materials for the purpose: The question of the edge 
itself had to be considered, and°much depended ‘on 
the actual finish of thé edge. The best cutting 
edges, he thought, were those produced on certain 
instruments used in ophthalmic surgery, and these 
edges were extremely difficult to produce. He 
had recently used a glass scraper to finish the surface 
of a mahogany table, and had been surprised at 
the polished appearance of the small chips produced 
in the process. This, he thought, was due to the 
fact that the glass formed an almost perfect cutting 


Dr. W. H. Owens, the next speaker, referred to 
the subject of razor edges and pointed out that, 
after the edge had been ground as finely as possible, 
it was necessary to strop:the razor on leather or some 
other similar substance. He inquired what happened 
during the process of stropping. Were serrations 
produced or were they removed? With regard to 
carpenters’ planes the practice was to keep the 
covering iron as close as possible to the cutting edge 
ina smoothing plane, and to leave more of the cutting 
edge exposed in the case of a jack plane. He also 
asked what was the limiting thickness of a fine 
cutting edge and what happened in cutting. 

Professor Lea, the only other speaker on the 
paper, suggested that in stropping a razor amorphous 
material was produced, and, as glass was an amor- 
phous material, this fact might account for the 
excellent cutting properties of the glass scraper 
referred to by Mr. Stromeyer. 

In his reply, Colonel Crompton explained. that, 
in his experiments, the finest discs had been used for 
rough grinding and the cutting edges had been 
finished by lapping on a cast-iron surface plate with 
fine crocus, By this means the cutting angles were 
maintained almost up to the edge, though it was not 
possible to do this exactly. He had no doubt that the 
results obtained by careful lapping with diamantine 
would be superior to those with any other abrasive 
material. Burnishing the cutting edge certainly had 
@ most important effect with fine tools, and even. 
with lathe tools for fine“cuts. He had been able to 
strop.safety razor blades by merely passing the 
between the finger and thumb, but he was unable 








and, 
Bute Docks of the Cardiff Railway Company. 
With the further meetings on Wednesday, Thurs- 
day and to-day, we shall deal next week. 


(To be continued.) 





NOTES. 


Economic RECONSTRUCTION. 

Ir is a commonplace of biology that the less highly 
differentiated a living being may be, the more readily 
can it repair serious injuries. A snail will survive 
and completely recover from mutilations which 
would be fatal to a mammal. The presidential 


address of Mr. J. H. Clapham to the economics |. 


section of the British Association suggests that a 
similar rule holds with the political organism. He 
states that. France, though she issued from. the 
Napoleonic period as a defeated country, recovered 
much more quickly than did England which was 
victorious. d, it is true, came out of that 
conflict, with a war debt of 848,000,0001., whilst that 
of France did not reach 200,000,0002 till 1830, 
It is not, however, to this factor that Mr, Clapham 
attributes the very rapid recovery of France after 
Waterloo, as compared with the slow recovery of 


Great Britain. The main factor responsible was 


that life in France was much more largely agricul- 
tural.than it was here, In 1815 only about 10 per 
cent. of her inhabitants. lived in towns of 10,000 
inhabitants or more, and agriculture . readily 
absorbed the demobilised peasants, whilst a couple 
of good harvests placed the country in a condition 
of prosperity. Germany and the rest of Europe had 
suffered more than France, but were still more 
predominantly rural in character. Hence the 
Continent generally had the elasticity of rather 
primitive economic conditions and recovered much 
more rapidly than did Great Britain, which was even 
then a great manufacturing country. Our goods 
could not, however, be bought by foreign countries 
as the protective duties then in vogue made it 
impossible for payment to be taken in produce. 
America, Mr. Clapham suggests, is in much the same 
position now as Great Britain was in 1817, and may, 
he thinks, suffer in the same way. On the other 
hand, Serbia, being an agricultural country, will, 
he holds, recover very rapidly in spite of the intensity 
of her sufferings and the greatness of her losses 
during the war. 


Capmtium-Vapour Arc Lamps. 


Cadmium-vapour arcs have proved yery con- 
venient for spectroscopic work, and especially for 
polarimeter work. The cadmium-aro spectrum is 

isti by five well characterised lines, 
distributed over the spectrum, and of these the red 
line is particularly useful, because it stands well out 
from the other lines in that region of the 
Among the cadmium lamps described of late years 
are those of F. Bates, of T. M. Lowry and of H. 5 
Dr. H. J. S. Sand, of the Sir John Cass Institute, 
E.C., succeeded in greatly simplifying these lamps ; 
but so far as we are aware, cadmium-vapour arcs 
are not yet on the market. According to an article, 
racy Rae coriage Boreas th Rae Aer 


of Standards, in the Philosophical Magazine | 


of March last, the difficulty is that the cadmium 


. |is well, but if the authors are 











properly-filled lamps will not crack. He is able to 
quote the independent testimonies of two users of 
his lamp, one of whom had heated the lamp at least 


500 times for a total of 600 hours, within 
three years, while the other had worked a Sand 
lamp continuously since 1916. , 


LITERATUR. 


Modern Illuminants and Iliuminating Engineering. 
Leon Gaster and J. 8. Dow. Second edition revised, 
London : Sir Isaac Pitman and Sons, Limited. [Price 
21s. net.} 





illumination. That edition having been « xhausted, 
@ new one is necessary, but the authors have not 
thought the time convenient for the issue of a 
complete revision, that should incorporate whatever 
new devices and methods have been suggested d 

the war. Sucli exhaustive revision is deferred till 
the time when fresh enterprise and eager invention 
shall have multiplied appliances on a scale that 


will render their description compulsory. ‘Such a 
course may be commercially it, but it may be 
doubted if it is dictated in the interests of science. 


To produce light from artificial sources in quantity 
sufficient and by means economical is not enough : 
it is desirable to utilise the light so produced in the 
most judicious manner without waste and without 
excess, and to effect such a distribution among all 
who use light demands, that every assistance should 
be given to those who are engaged in the supply of 
artificial iluminants. To suppress obsolete matter 
informa- 
tion “ owing to the present limitations as regards 
paper and printing,” they are doing an injustice 
to themselves and to the public. 

In @ having @ considerable northern 
ome eh lle ae eset ete eede 
would be sadly curtailed and the facilities for social 
intercourse diminished, adequate illumination is of 
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desirable to secure a pleasant and effective lighting 
of buildings, indeed every one, whatever his vocation 
may be, is interested in illumination, for all have to 
use light. 

The early chapters are devoted mainly to the 
produetion of light, whether from gas, electricity, oil, 


veferring to origina] sources of information in English 

periodical literature. These footnotes 
are not the least valuable part of the treatise, for 
contributions have been made to a great variety of 
journals and the authors’ long connection with 
The IUwminating Engineer has given them access to, 
and made them acquainted with, many unfrequent 
sources, y unattainable. Still some refer- 
ences are apt to be a little behindhand in date, even 
1914 seems a long way back now, and some date that 
would permit a judgment to be formed of the pro- 
gress that has been made in some directions such as 
that of substituting a calorific for an illuminating 
test, would be welcome, The illuminating power of 
coal gas in many towns is now very low, and we are 
left without any assurance that the insistance on the 
calorific test is a sufficient remedy. It is possible 
that the co-operation of mantle manufacturers and 
gas companies might result in the adoption of a still 
higher calorific value at a lower cost of manu- 
facture, but no information is vouchsafed concern- 
ing any progress made in this direction. 

Two chapters on the mechanism of the eye and 
on colour, form a necessary sequence to those on 
the production of light, for it is through the eye that 
all our impressions of illumination are received. 
And it is to be feared that more attention has been 
paid to the production of a brilliant light, with due 
regard to economy of 
the physiological effect of such brilliancy on the 
apparatus of the eye itself. The cry of the public 
has been for more light, when suffering from some 
inconvenience that could not be properly located, 
when what was really needed was the dis- 
tribution of the light already available. We hav 
passed from the days when a difficulty was experi- 
enced in providing a sufficiency of illumination to 
another equally vital point, the avoidance of excess 
of light. Such a commonplwe belongs to the 
alphabet of inating engineering, but we are not 
the less grateful to the authors for insisting on its 
due importance in promoting comfort, health, and 
efficiency of labour. The whole question of con- 
trast, whether simultaneous or successive, and the 
power of the eye to adapt itself to startling changes 
of brillianoy, is one in which the public needs to be 
warned and instructed. The problems may be 
summed up in the word “ glare,” often regarded 
ac an evil inseparable from artificial lighting, but 
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mination equally with science; and this becomes 
more evident when colour is introduced to enhance 


tions are the luxury of the rich and the envy of the 


An important chapter is that devoted to photo- 
meters and methods of measurement of light and of 
illumination. The measurement of the intensity of 
light by means of suitable photometers is not a 
difficult business when extreme accuracy is not 
needed, but the adjustment and calibration demands 
both skill and patience. The selenium cell does 
‘not seem to be an appropriate form, but the writer 
of this note must admit that he has no practical 
acquaintance with its use as recommended for the 
recording of daylight variation in schoolrooms, and 
if reserved for the determination of the fluctuations 
of light during an eclipse, the opportunities for its 
use in any one locality must be extremely limited. 
Sir William Preece touched the real difficulty in the 
application of photometry when he pointed out 
\that the object sought was not the determination of 
the intensity of the lamp used but the actual 
‘intensity of illumination “on the surface of the 
| book we are reading or of the paper on which we are 
| writing.” In this sense the measurement of the 
‘actual illumination is of quite a different type to 
‘that of ordinary photometry, and the difficulties 


to secure accuracy and to eliminate systematic 
errors. ‘The authors explain and give examples for 
the derivation of “polar curves,” and in this 
edition, Rousseau’s graphical construction for 
determining the mean spherical candle-power and 
total flux of light is given and illustrated. Ulbricht’s 
globe photometer is also illustrated and referred to 
\apparently with approval, but the device seems in- 
conveniently bulky and similar accuracy can be 
attained by simpler means. 


house and in the street. The subject of globes and 
reflectors is very fully treated. With regard to 
‘some of these contrivances for increasing uniform- 
ity an objection has been raised that the ad- 
vantages claimed are not warranted by reason of 
the loss of light due to absorption by the material 
of the globe. But this loss has probably been 
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diffusing power, that would not absorb more than 

cent. Street lighting offers. a, large field for 
judicious use of and reflectors in increas- 
i illumination and the elimina. 
disturbing effects of “glare.” In interior 


that] lighting, the possibilities of indirect and semi-direct 


aeesine.are.Ps Ae menses Shenae. The excellent 
i tions give some idea of what has been effected 
and the hope that such a method of 
scientific distribution will be more generally adopted. 

In the last two chapters are considered the plan of 
street lighting adopted in war-time and the employ- 
ment of search lights, with other means of light 
projection involving the use of lenses and reflectors. 
With regard to the former, it is. pointed: out that.the 
Cransenoneny. ot pemey and the: results of experience 


range of vision distracted ‘drivers and pedestrians, 
causing accidents that might otherwise be avoided. 


‘There came.a time, however, when a restriction of 


light was counselled as.much with the view of 
diminishing the consumption of gas and electricity 
thholding information from enemy aircraft. 
But probably: other'motives than economy prompted 


‘this. decision, for analysis shows that the gain from 


pensating disadvantages. - It. is of more importance 


to. note that the effort to secure greater uniformity 
in lighting thoroughfares 

‘quite in harmony with the view generally urged 
‘before the war, might usefully be applied in times 
of peace. 


in war time, a practice 


The projection of light, or the prevention of the 
equal spread of radiant energy in all directions, 
cannot be adequately treated in the space allotted. 
It is only necessary to recall the many problems 
connected with lighthouse illumination, search- 
lights, warning lights on ships and moving vehicles 
cinema and theatrical exhibitions to show how 
varied are its uses and how complex the arrange- 
ments. We are afraid the principle is not seldom 


‘misused as seen in the brilliant beam emitted from 
‘the headlight of a motor car on a dark country road, 


to the danger of the driver of other vehicles, whose 


‘eye is accommodated to rélatively dark surround- 


ings. The authors’ remedy for the inconvenience 
frequently experienced is to provide a screen, or 


suitable lens arrangement, that would limit the 
‘beam below a certain level and ensure the light 
being concentrated on the road where it is wanted, 
and not deflected into the eyes of approaching 
persons. In America, the candle-power of a pair of 
| become so great that ingenuity is taxed to its utmost |' 
lof the vehicle must not be less than 1,200 c.p. and at 
(100 ft. distance at a height of 60 in. above the road- 
‘way must not exceed 2,400 c.p. In view of the high 


headlights measured on a level surface 200 ft. ahead 


brilliancy now attainable some legal restriction 
appears to be desirable as a protection to the public, 
while giving due assistance to motor traffic. 

If we consider the large portion of our time neces- 
sarily spent in artificial light, we shall understand 


‘how important is the subject and how vast the area 


the authors have sought to cover. Compression and 
omission have had to be ruthlessly practised and 
their task has been a difficult one. They have pro- 
duced a book as interesting as it is practical and it 
should be the means of bringing greater comfort into 
our homes, improved hygiene in our workshops, 
enhanced enjoyment in places of entertainment, 
increased safety on our roads and more economical 
methods throughout a huge industry. 





Robison’s Manual of Radio T. and Telephony 
on Use of Naval Electricians. at teen 8. 8. 
bison. Revised Captain D. W. Topp and 


Commander 8. C. Hoorzr of the United States Navy. 
Fifth revised edition. Annapolis, M.D.: The United 
States Naval Institute. [Price 1 dol. 50 cents.] 


Tus book may be conveniently considered as con- 


and magnetism, the second detailing the instructions 
issued to the radio-telegraphic Pe in var 
United States Navy regarding setting up an 

manipulation of ‘their instruments. Since these 
are continually improving, with consequent enlarge- 
ment of the field of operations, frequent revisions 
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are necessary to keep the directions up to date,| and since, it. is ry to unship the earthed | plied to be used on emergency. The receivers use 
and this is the fifth edition that has been published} loop-when' the submariné submerges, communication |the audion detector, but, notwithstanding all pre- 
since 1907. Some advantage would follow the| cam be maintained with a shore station though the| cautions for deadening sound, receiving is very 
separation of the practical instructions, which| top Of the serial is 20 ft. below the surface. So/difficult, The antenna is of the trailing 
require constant revision, from the discussion of| small an outfit as a 5-kilowatt set, using a wave |type, removable at pleasure. The weight of the 
the principles that de: not alter, while these latter| length of 950 m. at 100 miles distant, was able to outfit for short range is roughly £0 Ibs, rwhile 8 
might be better adupted to the needs ofa particular to 
class. Of course, #he ‘object may be not so much . 
to instruct as to get the work done in a uniform and 


efficient manner, and this view is the more probable, 
as there is little reasoned “deduction throughout, 


the information being conveyed in # brief, precise |. 


form, a8 an officer might give orders to inferiors. 

Notwithstanding five revisions, this. information 
is not always so exact or ‘as it might be, 
nor are obscurities sly met. The 
first difficulty that a wireless operator is likely to 
encounter is the fact that optical waves 
of great length do not travel in- lines, but 
are capable of curving round the surface of the 
earth. The explanation offered is not very intelli- 
gible, but certaimly does not take the form one 
would have expected, for there is no mention of the 
solar and other influences ionising the gases in the 
upper regions of the atm whereby a con- 
ducting screen #8 formed, that deflects the waves 
before they cam efter fat into it and suffer an 
considerable absorption. Another difficulty 
the student might well expect to have removed 
from his path occurs in the use of electro-static and 
electro-magnétic units, and the possible confusion 
that might arise from the double system. He will 
be disappointed ; the revisers assert, with absolute 
truth, that “The entire system of units in electrical 
measurement is @ monument to the ingenuity of 
scientists, but productive.of many difficulties to 
students; careful study is, therefore, necessary.” 
This exhibits the order of an officer rather than the 
function of the teacher. In any case, little assistance 
is vouchsafed to the tyro. Similarly, in practical 
work, details for the execution are given with 
minuteness, but explanation of processes is curtailed. 
For example, in the description of transmitting 
apparatus, doubtless if the direct current supplied 
by the shipboard dynamo plant is treated in the 
way directed by connecting with a motor generator 
and step-up transformers, a suitable high-frequency 
circuit with high voltage will result, but it may be 
doubted whether the operator will understand 
what he is doing, or, if brought into contact with 
different arrangements, would be capable of obtain- 
ing a desired result, more especially, as on ship- 
board, economy of space and instability of the 
steamer demand particular arrangements, and the 
exclusion of apparatus which can be conveniently 
used on shore. As an instance, Leyden jars are 
unsuitable owing to liability of fracture, and mica 
condensers are recommended. Also the use of 
oil in condensers is objectionable, owing to leakage. 
In the same way practical considerations limit the 
wave length that can be efficiently used on board 
ship, and also decide the power that can be employed 
with safety. The modifications of method and the 
necessity for adopting special mechanical devices 
due to the peculiar conditions obtaining on gship- 
board are very thoroughly explained, and will be 
appreciated by those who have been trained in the 
conditions that ordinarily prevail in the laboratory. 
A navy portable set, contained in a suit case, and 
weighing about 75 lb complete, strikes one as a 
very natty arrangement. One half the case 
accommodates the condenser, inductance and key, 
the other the motor generator, quenched gap, 
transformer and receiving apparatus, with arrange- 
ments for connecting up with a lighting or power 
circuit. 

The erection of aerials and antennz seem scarcely 
to come within the range of the naval electrician, 
but some forms are figured and described. One 
design used in submarines, consisting of an earthed 
loop attached to the submarine, is of . particular 
interest. This loop takes the form of a single 
highly-insulated wire attached at the ends to the 
metal hull of the submarine, the primary of the 
radiating circuit being connected in series with the 
respective ends of the so-called aerial by means of 
two down leads through watertight insulators in 
the hull. This type, which can be used either for 
sending or receiving, is held to be highly efficient, 


with one, so that the system may be tuned 
incoming wave length of the received signal. 
The radio compass, an instrument as ingenious 
as it is useful, further illustrates the application of 


are described very completely, though doubtless 
many improvements in detail were introduced 
in the last years of the war, to which it is not prudent 
to refer. But the method of determining the direc- 


absolute. position of the steamer by the com- 
bination of information received at two or more 
stations, is fully explained, and will be found very 
interesting. The method by which a possible 
error of 180 deg. in the bearing is eliminated 
is specially deserving of attention. Radio com- 
pass stations are established off the coast of 
the United States from New York to Charles- 
town, but the Canadian stations are not mentioned, 
Their methods of working may be different from 
the American plan, which arranges for all the 
messages received at subsidiary stations to be for- 
warded to one central plotting station. When a 
vessel calls for a bearing, the receiving compass 
stations each take the bearing and telegraph it 
directly to the central office, where the bearings 
are plotted on a chart, and the resultant position 
is transmitted by radio to the vessel. The time 
consumed for the whole operation is about five 
minutes. In the cases we have seen in this country, 
when a vessel wants to know its position, the bearing 
is transmitted from each station that receives the 
signal and the plotting, a very simple matter, is 
effected on board ship. When the stations are 
well conditioned with regard to the ship, the 
accuracy is most satisfactory. The revisers state 
that the radio compass may be read by an expert 
operator with no greater error than | deg. in the 
bearing, and that, when the steamer is close to the 
coast, the position forwarded will be within a mile, 
and will not be more than four or five miles in error 
if the vessel is distant as much as 200 miles. 

The special modifications of apparatus to be 
used on seaplanes and in aircraft equipment 
generally are adequately described, but the neces- 
sary changes are slight. The metal parts of the 
fuselage serve as a substitute for “ vg 
Considering the necessity for reducing weight and 
the limited space for working, it is satisfactory to 
note that the apparatus on the larger class of 
aeroplane is capable of transmitting reliably 600 
miles, though, except on the Cairo-to-Cape 
dition, it is difficult to conceive a situation in which 
it is necessary to send a message so great a distance. 
In the more modern aircraft the transmitters are 
of the valve type, using @ generator directly con- 
nected to the engine, but a storage battery is sup- 








tion from a station by a single message, and of the | United 


As a general rule, it appears that the Naval Com- 
munication Service is better equipped and more 
prepared to act in times of emergency as an adjunct 
to the Telegraph Service than is the case in this 


assistance from outside the regular Service. 
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LABOUR TROUBLE: ITS IMMEDIATE 
CAUSE AND REMEDY. 


Sr, To Taz Eprror or uae es cit ie 
—In criticising my suggestion that employers 
labour should : trade unions to the extent of 
bargaining with them for the supply of all the labour 
required in their paler age and to treat with any 
employee individually, . William ison, 
secretary of the National Free Labour Association, asks, 
‘‘Is ‘An Employer’ ignorant of the fact that at least 
two-thirds of the wage earners of the country are either 
non-unionists or trade unionists by compulsion ?"’ 

In reply, I would say that I thought it just as un- 
necessary for me to explain that I only had in mind the 
oo being made in the case of a ng tg 
industry, as I think it unnecessary to as . Collison 
to admit that his general estimate does not apply to all 
industries individually, but that there are some more 
highly unionised than others. 

t even if his estimate be applicable to the most 
highly unionised industry, surely it strengthens rather 
than weakens my case. For if, on the one hand, there 
is already such a | proportion of labour o to 
the tyranny of the unions, we ought to expect speedy 
overwhelming of the unions by the dissentients as soon 
as we add to the existing friction that which must 
inevitably arise from the taking over by the union of the 
invidious task of employment, maintenance, and dis- 
missal ; whereas, on the other hand, should the union 
succeed in overcoming all difficulties, the present non- 
unionists and unwilling trade unionists would at least 
stand to benefit by the payment of a permanent sub- 
sistence wage whether in or out of em t. 

Finally, no one will disagree with Mr. lison in his 
objection to the elen mt of compulsory membership 
of a trade union involved in my proposal ; but what he 
does not seem to 4) iate is the fact that we all— 
employers, non-unionists, cova unionists, and 
general public alike—are already subject to a worse 
tyranny, for which an alternative solution of 
lasting effect has yet to be put forward. 

Yours faithfully, 
“An Empiover.” 





Tus Instirvtion or Mixine Enorverrs.—The thirty- 
first annual general meeting of this Institution will 





held in the Lord Mayor's our, Town Hall, Manchester, 
on Wednesday, September 15, at 10.30 a.m. and 2.30 
.m., when a number of papers will be read and discussed. 
Ravestene ena vit, Lave ben, provided, fr on, he 
i . er iculars may 
fromthe Beprotery, 30, Victoria-etrect, Westminster, 
WwW. 1 
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delay in transit. 
‘ for 

as it might otherwise 
this 


not having become soJpopular 
been by now, the works in 
tg ey dei down furnaces ior. working 
and an difficulties have nm, 
getting work of this class done. 

In order to bring the process in convenient form 
within the capacity and capabilities of small works, 
Messrs. Metal I ustries, Limited, of Sunbury-on 
Thames, have recently brought out a type of plant 
which involves no expensive brickwork. fixtures, 
Strictly speaking, the plant is not. absolutely self- 
contained, since it uires either electric power, or 

and belt na gg BH 


eF 


outside sources, but the 
urnace itself requires no installation as, in all the smaller 
sizes, it can be mounted on a bench which can be placed 
in any convenient position in a workshop. The smallest 
furnaces are heated electrically, and electricity can, of 
omy somaplagee for rotating the drums, In the size 
own t 


jon. 

our illustration, the furnace unit is shown to 
the right. The articles are packed loosely, with the 
zinc dust, in the drum seen inside the cage, and the drum 
closed , by a cover door,, which is wedged down to 
prevent. leakage of the dust during rotation. The 
drum is supported on two bearings, outside one of 
_which is the pe | pulley. The journal and shaft 
at the other end are hollow for the purpose of receiving 
a thermometer for gauging and maintaining the correct 
temperature inside ge The drum and the 
furnace caging are of sheet iron, The casing is. com- 
pletely lined with (refractory material and the upper 
‘part is hinged and capable! of being thrown back, A 
chimney hole is srovided and connection can be made 
by means of a telescopic joint with a permanent 
up-take overhead. A series of. several rows of gas 
jets distributes the heat ¢évenly over the length of the 
revolving drum underneath, After treatment in the 
zinc dust, which vaporises in contact with the iron 
or steel, the drum is lifted out and transferred to 
the left-hand casing. This is virtually a rumbler. 
The sheet iron door is removed from the drum, and 


its place taken by a wire gauze screen of about }-in. 
mesh, The rumbler casing has a per bottom and 
when the drum is in position and top closed, as 


the drum is revolved, again by belt drive, the excess 
of zinc dust escapes into the hopper below. This 
process effectually removes the dust from the interior 
of hollow articles or from intricate exteriors. Imme- 
diately below the rumbler is a drawer or cupboard. 
In this drawer is another drum on blocks 
directly below the hopper spout. This drum, therefore, 
catches all the zinc dust discharged from the drum in the 
rumbler above, and is ready for a new batch of articles 
after the addition of a small amount of make-up zinc 
dust. It will be observed that every means is taken 
to minimise loss both of heat in the furnace, and of zinc 
dust. If three drums are employed, the three stages of 
the process can be run simultaneously. 

e installation will be seen at once to offer many 
advantages to the small user. The results 
in no stand-by losses except overhead charges due to the 
comparatively small initial cost, It can be operated 
at any time with a minimum of preparation, and can 
be successfully worked by unskilled labour; all that 
is necéssary is to light the burner and keep the ther- 
‘mometer at the desired figure. Units of this type 
could be installed in numerous very small shops with 
good results. They could be operated satisfactorily 
on intermittent work such as batches of screws, bolts, 
&o.,; for motor-car repairs, even on a small scale, and 
=p other uses will at once suggést themselves where, 
in addition to handiness of working, the Sherardizing 
process offers peculiar advantages over galvanising. 

It is known that this process -lends itself extremely 
well. to. art-metal work, and here nell, snite are 
likely to ve most welcome. ightfull 
beautiful as varied effects obtainable with Mhorend. 
SS ee the small 
eraftsman. is seems a direction in which the process 
might be devel with extremely pleasing results, 
possibly, as skill ‘increases, conjunction with 
chasing or other arts, and we may confident 
look for a considerable impetus being given to it 
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as an artistic craft now that Sherardizing units of 
the size and ease of manipulation, we have de- 
scribed above, are available. i 





BRITISH ASSOCIATION FOR THE 
ADVANCEMENT OF SCIENCE. 
Address to the Engineering Section.* 
By Prof. C. F: Jerky, C.B.E., M.A., President of Section. 

THE importance of research in all branches of in- 
dustry is now becoming fully recognised. It is hardly 
ao | to point out the great possibilities of the 
Board of Scientific and Industrial Research, formed just 
before the war, or to lay stress on the attention which 
has been called to the need for research by events during 
the war. Probably in no branch the Services was 
more research work done than in th® Air Service, and 
the advances made in all directions in connection with 
flying were astonishing. My own work was confined to 
prob oe ted with materials of construction, and 
as @ result of that work I have come to the conclusion 
that the time has come when the fundamental data on 
which the engineering theories of the strength and suit- 
ability of materials are based uire thorough over- 
hauling and revision. I believe that the present is a 
favourable time for this work, but I think that attention 
needs to be drawn to it, lest research work is all diverted 
to the problems which attract more attention, owing to 
their being in the forefront of the advancing engineering 
knowledge, and lest the necessary is shirked in 
favour of the more exciting new discoveries. 

It has been very remarkable how again and again in 
aeroplane engineering the problems to be solved have 
raived fundamental questions in the strength and pro- 
perties of materials which had never been adequately 
solved. Some of these questions, related to what may 
be termed theory, and some related to the physical 
properties of materials. I propose to-day to describe 
some of these problems, and to suggest the direction in 
which revision and extension of our fundamental theories 
and data are required and the lines on which research 
should be undertaken. Let us consider first one of the 
oldest materials of construction—timber. Timber was 
of prime im ance in aircraft construction, The first 
peculiarity of this material which strikes us is that it is 
anisotropic, Its grain may be used to locate three 
principal axes—along the grain, radially across the grain 
and tangentially across grain. It is curious that 
there do not appear to be generally recognised terms for 
these three fundamental] di ions. A very few tests 
are sufficient to show that its strength is enormously 
greater along the grain than across it. How, then, is an 
engineer to calculate the strength of a wooden member ? 
There is no theory, in a form available for the engineer, 
by which the st: h of members made of an anisotropic 
material can be calculated. 

I fancy I may be told that such a theory is not 

i experience shows that the i 
theory is quite near eno’ How utterly misleading 





such a statement is I Taney ts show by a few examples. 
Teliccde waidaet the antiacioen eaete aoutel totes 
y so that the grain does not lie parallel to ite 
nate In ine. it is pares Posie * ogre Se 
in is accurately parallel to t en, of t 
member, and often the deviation is Scauidacchte. How 
* Address delivered to Section G of the British Asso- 
ciation at Cardiff on Tuesday, August 24, 1920. 
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much is the member weakened ? This comparatively 
simple problem has been of immense importance in aero- 
plane construction, and, thanks to the researches made 
during the war, can be answered. The solution has 
thrown a flood of light on many failures. which before 
were obscure. If the tensile strengths of a piece of 
timber are, say,’ 18,000 Ib. per square inch along the 
grain and 800 lb. per npavers inch, navem, * (radially or 
tangentially ) and the shear stren is 900 lb. per square 
inch along the grain—these Reeves ebepeapniel eaghly 
with the strengths of silver spruce—then if a tensile 
stress be applied at any angle to the in the com- 
ponents of that stress in the principal directions must 
not exceed the above weamaiien or. failure will occur. 
Thus we can draw curves limiting the stress at any angle 
to the grain, and similar curves may be drawn for com- 
pression stresses. These theoretical curves have been 
checked experimentally, and the results of the tests 
confirm them closely, except in one particular. The 
strengths at small inclination to the grain fall even 
faster than the theoretical curves would lead us to 
expect. The very rapid drop in strength fer quite small 
deviations is most striking. 

Similar curves have been prepared for tensile and com- 
pressive stresses inclined in each of the three principal 
planes for spruce, ash, walnut and mahogany, so that 
the strengths of these timbers to resist forces in any 
direction can now be estimated reasonably accurately. 

As a second example consider the strength of plywood. 
Plywood is the name given to wood built up of several 
thicknesses glued together with the grain in alternate 
thicknesses running along and across the plank, The 
result of this crossing of the grain is that the plywood 
has roughly equal strength along and across the plank. 
Plywood is generally built up of thin veneers, which are 
eut from the log by slicing them off as the log revolves 
in a lathe.. Owing to the taper in the tree trunk and to 
othee i arities in form, the grain in the veneer rarely 
runs parallel to the surface, but generally runs through 
the sheet at a more or less oblique angle. As @ conse- 
quence the strength of sarend is very variable, and 
tests show that it is not possible to rely on its having 
more than half the strength it would have if the grain 
in the veneers were not obiique. It is therefore obviously 
possible to improve the manufacture enormously by 
using veneers split off, following the grain, in place of 
the present sliced veneers. The superiority of split or 
riven wood over cut wood has been recognised for ages. 
I believe all ladders and ladder rungs are riven. Hurdles, 
hoops and laths are other examples. Knees in ships are 
chosen so that the grain follows the required outline. 

Owing to the enormous difference in strength in 
timber along and across the grain, it is obviously 
important to get the grain in exactly the right direction 
to bear i loads it has to carry. be spat. Recent 
example I ever saw of building up a plywood struc 
to support all the loads on it was the frame of the 
German Schutte-Lanz airship, which was made entirely 
of wood. At the plex juncti of the various 
girders and ties the wood, which was built w of very 
thin , veneers—hardly thicker than plane shavings— 
layers were put on most ingeniously in the direotion of 
every stress. ing the war I rejected numerous types 
of built-up strats intended for aeroplanes, because the 

i of Sa. wood. wna te. the wrong direstion 09 bear the 
foad. An example shown—a Mc strut—is one of 
the most elegant designs, using the grain correctly. . 

Many of the tests applied to timber are wrong in 
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theory and consequently eerie For example, the 
common method of egnes, ‘oung’s modulus for 
timber is to ‘the elastic deflection of a beam 
loaded i OP SEP tr eataclewaieham aah anette the 
ordin: theory, ecting deflection due to A 
onioh is pares Boy isotropic materials ; but in timber 
the shear modulus is very small—for example, in spruce 
it is only about one-sixtieth of Young’s modulus—and 
consequently the shear deflection becomes quite apes: 
ciable, and the obtained on test the 

calculated 


common propertions lead to errors in 
Young’s modulus of about 10 per cent. 

Lantern views* shown illustrate three standard tests ; 
the first is su) to give the shearing strength of 
the timber, but t ine tet Eeooe fail by tension across the 
grain—not by shearing. ‘essor 
that the true shear strength of spruce is about three 
times as t asthe textbook bs gn . and has designed 
a test which gives fairly relidble results. The second 
figure represents & test intended to give the mean 
strength across the gtain, but the concentration of stress 
at the grooves is so great that’such test pieces fail under 
less than half the iced load. This fact was shown in 
a striking manner narrowing a sample of this shape 
to half its width, it actually bore a greater total 
load—i.e., more than double the stress borne by the 
original sample. The third figure represents a test piece 
intended to measure the rather vague quality, “strength 
to resist splitting.” The results actually depend on the 
tensile strength across the , on the elastic con- 
stants, and on the accidénta! position of the bottom of 
the groove relatively to the epring. or autumn wood in 
the annular rings. Unless the theory is understood, 
rational tests cannot be devised. 

There are some Valuable tropical timbers whose 
structure is far more complex than that of our ordinary 
northern woods. © The grain in these timbers eon in 
alternating spirale—an arrangement which at first sight 
is almost incredible. The most striking example of this 
type of wood T have seen is the Indian “Poon.” The 
sample on the table has been split in a series of tangential 
planes at varying distances from the centre of the tree, 
and it will be seen that the grain at one depth is growing 
in a right-hand spiral round the trunk ; a little farther 
out it grows straight up the trunk ; further out again it 
grows in a left-hand apiral, and this is repeated again 
and again, with a pitch of about 2 in. timber is 
strong and probably well adapted for use in large pieces 
—it somewhat resembles eerie it is doubtful 
whether it is safe in small pieces. No theory is yet 
available for estimating its strength, and very elaborate 
tests would be needed to determine its reliability in all 
positions. I had to reject it for aeroplanes during the 
war for want of accurate knowledge of its properties. 

These examples show how necessary it is to have a 
theory for the strength of anisotropic materials before we 
can either understand the causes of their failure or make 
full use of their properties or even test them rationally. 

The second material we shall consider is steel, and in 
dealing with it I do not wish to enter into any of the 
dozen or so burning questions which are so familiar to 
all metallurgists endl engineers, but to call your attention 
to a few more fundamental questions. Steel is not 
strictly isotropic—but we may consider it to be so to-day. 
The first obvious question the engineer has to answer 
is, ““What is its strength f"” ‘The usual tests give the 
ultimate strength, yield point, elastic limit, the elonga- 
tion, the reduction of area, and perhaps the Brinell and 
Izod figures. On which of these figures is the dimension 
of an engine part, which is being designed, to be based ? 
If we choose the ultimate strength we must divide it by 
a large factor of safety—a factor of ignorance. If we 
choose the yield point we must remember that none of 
the higher igre steels Have any yield point, and the 
nominal yield point depends on the fancy of the tester. 
This entirely imaginary’ point cannot be used for 
accurate calculation except in a very few special cases. 
Can we base our calculation on’ the elongation—the 
reduction of area—the Izod test ? If we face the ques- 
tion honéstly we realise that there is no known connec- 
tion between the test results and the stress we can rary A 
call on the steel to bear. The only connecting link 
that cloak for our ignoran he factor of safety. 

I feel confident ‘that the only reliable property on 
which to base the srengeh of any engine part is the 
suitable fatigue limit, e have not yet reached the 
position of being able to specify this figure, but a con- 
siderable number of tests show that in a wide range of 
steels (though there are some tinexplained exceptions) 
the fatigue limit for equal +4 stresses is a little under 
half the ultimate strength, and is independent of the 
elastic limit and nominal yield point, so that the ultimate 
strength may be replaced as the most reliable guide to 
true strength, with a factor—no longer of ignorance, 
but to give the fatigue limit—of a little over two. 

If the fatigue limit is accepted as the only sound basis 
for strength calculation for éngine parts, and it is difficult 
to find any valid objection to it, then it is obvious that 
there is urgent for extensive researches in fatigue, 
for the available data are most meagre. The work is 
laborious, for there is not One fatigue limit, but a con- 
tinuous series, as the signs and magnitudes of the stresses 
change. _Many problems in connection with fatigue are 
of great im ce and need much fuller investigation 
than they have so far received—e.g., the effect of speed 
of testing; the effect of rest and heat treatment in 
restoring fatigued material; the effect of previous 
testing at higher or lower stresses on the apparent fatigue 
limit of a test piece. Some observers have found indica- 
tions that the material may possibly be strengthened by 
subjecting it to an alternating stress below its fatigue 
limit, so that the reeults of fatigue teste may depend on 


° We tegret we eantiot reproduce the lantern yiews. 








whether the limit is approached by increasing the stress 
or by decreasing it. “ r : 
Improved methods of testi 
Stromeyer’s method of m 
perature, which indicates jeer mag rte gen 
as the alternating load if pecemy increased, is most 
ing; it certain! nba ee taaanon tae 
mit in all cases, for it has-been shown by Bairstow 
with some of stress a finite extension occurs at 
the i of a test and then ceases, under stresses 
lower fat: limit. But the fatigue limit in 
that case would not be a safe guide, for finite ar of 
shape are not issible in most machines, so that in 
that case also "s test may be exactly what is 
wanted. It can ibably be simplified in detail and 
made icable for commercial use. Better methods 
of in torsion are also urgently needed, none of 
those at t used being free from serious defects. 
Finally, there is a fascinating field for physical research 
in investigating the internal mechanism of fatigue 
failure. me most Reg © ghd results have already been 
obtained, which extend the results obtained by Ewing. 

For members of structures which are only subjected 
to steady loads I supgest that the safe stress might be 
defined by limiting the corresponding permanent set to 
a small amount— aps 4 cent. or } per cent. 
This principle has tentatively adopted in some of 
the material specifications by specifying a proof 
load which must be sustained without a permanent 
extension of more than $ per cent. Whether this 
principle is suitable for all materials and how it will 
answer in practice remains to be Ros by experience. 
It is at any rate a possible rational basis for determining 
the' useful voy of a material under steady loads, 

The relation between the proof stress atid the shape 
of ‘the stress-strain diagram is “shown ‘in a lantern 
a is Bert Re fhe Sean Ps Bria Bh gh 
certain copper alloy. a length A B corresponding to 
A cent. elongation be set off along the bese tind and 
a line B P be drawn through the point B lel to the 
elastic litie, to cut the curve in P, then the stress at P 
is the stress which will give } per cent. permanent set. 
Though 4 per cent. may appear rathér a large ent 
set to allow, it will be seen from the figure that it is less 
than the elastic elongation would have been at the same 
stress, and we do not usually find elastic elongation 
serious. As a commercial test the proof load is very 
easily applied. For this alloy the specified load is 
shown by the horizontal line so labelled. This load is 
to be applied and released, and the permanent extension is 
required by the specification to be less than 4 cent. 
This sample passes the test easily. On the re the 
condition for complying with the specification is that 
the curve shall fall above Q, But the test does not 
require the curve to be determined. 

If we admit that the fatigue limit is the proper basis 
for engine-strength calculations, there are a number of 
interesting modifications required in the common theory 
of the strength of materials. It will no longer be 
possible to neglect, as has been so general in the past, 
the uneven distribution of stress in irregularly shaped 
parts of machines. It has been generally recognised 
that sharp corners should be avoided when possible, but 
no theory is available to enable the stresses at corners 
to be calculated or to enable their effect on the strength 
of the member to be estimated. If fatigue is the critical 
factor in failure under fluetuating stresses such theory 
is most necessary. Even the roughest guide would be 
of great value. The nature and magnitude of the con- 
pententeeees of stress which ~o in mene pare nn 
investigated experimentally by Professor y his 
elegant optical method which has given most valuable 
results, some of which are alread g used in Satgning 

eory is too difficult, it 


offices. If the mathematical 
may be ible to lay down practical rules deduced 
from such experimental resulte—but the method still 


has many limitations, perhaps the most serious being 
that it can only be used on flat models. I believe 
Professor Coker expects to be able to extend the method 
to round models. 

As @ simple example to show the importance of the 
subject, let us consider the effect of a groove round a 
straight round bar subject to al tension and 
com ion—such @ groove as a screw t . There 
will @ concentration of stress at the bottom of the 
groove. Theratio of the stress at the bottom of a groove 
to the mean stress in the bar has been worked out 
mathematically by Mr. A. A. Griffith, and his caleula- 
tions have been confirmed experimentally by his elegant 
soap-bubble method. The ratio depends on the relation 
between the depth of the groove, the radius at the bottom, 
and slightly on the angle between the sides. For a 
Whitworth form of thread the ratio will be about 3. 
If the fatigue limit is exceeded at the bottom of the 
groove the metal wil] fail and a minute craék will form 
there; this crack will soon spread right across the bar 
and total failure will result. Thus we see that the safe 
mean stress in the bar wil) be reduced to one-third what 
a plain bar will bear. The truth of this 
the importance of concentrations of stress still to 
be proved experimentally ; if true, it is of far-reaching 
importance, since it applies to all concentrations of 
stress in machine parts subject to fluctuating loads. 

The theory does not apply to steadily loaded members ; 
in these the local excess of stress is relieved by the 

of the minute portion which is overloaded, 
and no further consequences follow. 


Thet ’ 
and has an im aS ne 
finish of machine . The surface of any engine part 
finished by Gling to contaidly entirely covered with 
scratches. Emery likewise Jeaves the surface scratched 


—though the scratches are smaller. If, however, 


the first rise of tem.’ 





mp tenant F gam ye oe trouble.” 
is ount, to m & part stronger—#.e., he 

~ Cea to be tae Dame recore, ond Wear bed wal ost 
a confession of failure. “ General ‘practicé” was no 
guide in aeroplane men which are ‘built of ‘the 
oeemngels materials. a of fractures were 
t to many causes, often far away from the 
site of the : but with I am not concerned 
to-day. I wish to confine our consideration to the 
acti fracture and to ask, “What stress caused the 
fracture ?”’ and’ “What property of the metal ‘was 
absent which would have en it to ‘withstand that 


stress?" And again, ‘‘What other material possesses 
suitable properties to withstand the stresses better ? "” 
These are the fundamental questions which T ‘have 
referred to—and which tly need answers. , ’ 
As an example I will take @ broken shaft’, | 
It has broken in a beautiful spiral fracture. it , 
causes that ? I have failed to explain it Mee Spy 
facts I know about the it ie is) of 
course, a fatigue fracture—i.ec., it ne 
The questions to be answered are, Did it fail er 
tension, bending or torsion ? and, Why ‘was ‘e ‘spiral 
direction followed ; 


by the failure as it spread ? 
Tt may be objected that the ion 

I think not. For example, till we can 
nature of the stress we cannot indicate the n 
load—thus I cannot say if it broke under a 
load (possibly torsional vibration) or under 
load (possibly due to some variation 
on one of the bl as it passed 
tion.) Until the nature of the load which 
failure is pe } J is ge = 
guard against similar ents. or t 
reasons, therefore, we require to be able to 
the fracture, as in nearly all aircraft pro 
lives hang on the answer. 

Turning now to the question of the most 
material, I will take as an example the 
eran an aeroplane engine. A few months 
the Armistice there were difficulties in getting 
supplies of the high-grade nickel-chrome steel ‘f , 
then in general use for shafts, and proposals were 
to use a plain carbon steel. Such a steel would be about 

per cent. weaker, aceording tothe ordinary tests. 
gS pane veomelleet ne ae ean one See ears oan tear 
held to discuss the suggestion. one t ventured 
predict answer or not, 
or whether the dimensions would have to be increased or 
not. It was pointed out that a French engine was now 
50-ton steel with better results than when using 
the 100-ton steel for which it was 
in dimensions having been made. 8 
— might = understood ph ong : 
where there are margins ety, but in an aero- 
plane engine, in ‘which every Ry of metal is cut off 
which can be spared, they 
on, As another example, Wh 


annealed peatedly ? Anneal mnie 
te py as I balers the fondness for anneal- 
4 to our ignorance properties require. 
Perhaps the quality of steel which an ‘ears most . 
ie He es that hanenline’ wil vatten. i 


i 


i 


: 


iat 
ante 





is brittleness. 
and reduce the brittleness ; so he anneals, blindly. 
fact is that we do not know what brittleness is—we can- 
not define it—we cannot measure it—th J 
endless em al tests todetect it. Till we what it. 
Fr byt alpen gmcvgdolite ted fold pe ph me on. 
the war I was fee de what pire 
to enormous w oxygen 
I advised that experiments should be made on the 
qualit rg dir tubes we were 
4 ment 


iw 
e 















a 


RE. 


292 


ENGINEERING. 





[Aue. 27; 1920: 








took the matter and alloyed steel alae aie properly 
heat-treated, —_ made. These were, believe a 
spare, pre only w a small fraction of the old- 
ashioned cylinders. t my suggestion was little more 
Cee ® SHOR 0nd BO Aapans. yore Kaien 6s, apoventely 
testing the suitability of the material, so they were only 
eccepted after passing any n of, empirical test 
consisting of various of rough usage, to see if they 
would crack or burst, an en, should be able 
to say whether a,cylinder is safe without dropping it 
‘9, the roof or g it down the front door steps to 
see if it 
exam: refer only to different grades of the 

same material—steel—-but how far, worse, off we are 
when the problem is whether some other alloy would be 
suitable to replace steel. have been made, for 
example, to replace the very steel used at present 
for connecting-rods by duralumin or some other forged 
aluminium pag It seems worth trying; but who, in 
our present state of ignorance of the real properties of 
metals, will say if the experiment will be a success ? 

How difficult it is to prophesy may be illustrated by 
the results of two ag om sa tests on duralumin and steel 
sheets of the same, thickness. The ultimate strengths 
and. elongations of the steel and the duralumin were 
roughly equal. The lantern slides show that under 
reverse-bend tests they both follow the same law, the 
steel being the better... But under the cupping test they 
follow opposite laws. 

The suitability of different materials presumably 
depends on their fundamental polee) properties. These 

ists thin 


may be , but some ph that they are 
probabi 4 very few, and that, knowing these few, 
t may be possible to deduce all the complex properties 
required by the engineer and to state with certainty how 
materials will behave under any conditions of service. 
‘Lhis is the most fundamental problem which needs 
solution to, enable the knowledge of the s of 
materials to be put on a.sound foundation. It will need 
the co-operation of able physicists, metallurgists and 
to solve it. 

ile urging the importance of research in the funda- 

mental theories of stress and fundamental , peomenvine of 


materials, I wish to lay special stress on the nature of 
the researches required. gineers are erandly prac- 
tical men, and their tice has generally been ahead of 


their theory. The difficulties they have met have been 
dealt with, often. with the greatest i uity and skill, 
as apecial problems, They have aioe had time or 
opportunity to solve the eral problems, and as.a 
result thy are used to ing their experiments and 
trials as close a —~usually on a smaller scale—of the 
real thing as pe The resulte obtained in this way, 
beg shape are orouantye ee the sn gpa promhem. are 
0 © general use. y depend on many factors. 
‘Theo Resvonahen: 1 em Reew Rav ceetin ee ig 
iametrically opposite description. y must 
absolutely. , andthe results must depend on one 
feetor only at a time, so that general laws may be 
esta which will be applicable to all special 
pro 


are many other similar gaps in our knowledge 
to which I have not time to refer to-day. I have tried 
to show that we need most of all a real knowledge of the 
fundamental properties of materials, from which we 
shall be able to deduce their behaviour in any condition 
of service, so that we may be able to compare the relative 
merits of diverse materials for any particular purpose. 

ran nan that. we need a practical of cal. 
c ing the stresses in parts of any form, so that con- 
centrations of stress may be avoided or that their 
eer may be known and allowed for. 

y, that: we need a rational connecting link 
between the tests made on materials and the stresses 
they will bear in service, to replace the factor of safety. 
Ihave suggested two tests, the proof load and the fatigue 
limit, which might be used directly in estimating the 
allowable working stresses 

Fourthly, that we need a mathematical theory for the 
strength of anisotropic materials, of which timber is an 


to deal with ‘‘ Materials.” I have great hopes that the 
committee will tackle many of these problems. I will 
therefore conclude by appealing to all who can help to 
assist that committee in their endeavour to solve t 
most important and fascinating, but most difficult, 
problems. 





CUTTING EDGES.* 
By Col. R. E. Crompton, ©.B. 
Wx 80 iar with th tt iances i 
are pag nf aly ing appliances in 


facturers and users, that it is unlikely that any material 
improvement either in their form, in the steal for 
them or in ie of the cutting edge can now be 
introduced. 





* Paper read before Section G of the British Associa- 
tion, August 24, 1920. 





which we have always called steel. When engineers 
Reslenend madhinn snake tn sinids tennis edges are 
so supported that they can be forced into material 
to be cut with not 

for hand tools, this same steel was. the 
only steel available. But when Mushet, succeeded by a 
1 line of inventors, gave us the new series of modern 
8 known as high-speed, which will here- 
after for brevity be called H.S. steels, and which contain, 
in addition to carbon, other metals—tungsten, cobalt, 


molybdenum, nickel, vanadium, and so on—engineers 
found themselves in possession of materials for their cut- 
ting which were far stronger to resist fracture than 


the carbon steels, and which could be made sufficiently 
hard to take the place of carbon steels. These steels can 
be subjected to greater heat, caused by the friction of 
cutting at high speed, than can be withstood by carbon 
steel points, on account of carbon steel losing hard. 
ness and cutting qualities when raised to these tem- 
peratures. 

Last year the Institution of Mechanical Engineers 
formed a Cutting Tools Research Committee to regularise 
research into this important matter, The author, who is 
a member of this committee, has now been for some time 
engaged on investigations of the 
attending the working of cutting edges so as these 
show the causes of the blunting of tools, and has come 
conven, scene inoiy. wate, Aipess Hesly. 0, ithapest she 
general public as well as 
it ovine of develop f the wed. 

cutting are lopments o: wedge; two 
surfaces, A and B, meet at an angle, and are either forced 


by steady or by a series of blows into the 
material to be cut, so as either to split or to pare a slice 
from the surface. 


Cutting operations are of two kinds: in most cases 
where the cutting edge is supported in the machine tool, 
the cutting action is a purely splitting away of a part of 
the material operated on, but a v omy Ha proportion of 
hand tools whether these be razors, knives, paring chisels 
orsimilar wood-working tools, act as saws, that is to say, 
they are used with the greatest efficiency when the cutting 
edge is not held and forced at right angles to the direction 
of the cut, but is drawn through it so that its edge, which 
is always more or less serrated, acts as a saw ; all saws 
therefore may be classed with this variety of cutting 
action, which we may call slicing. 

he force plese for cutting any class of material 
depends on the softness of the material o on, 
oud on. tha eagle of tbe. qatting len m9 Ap i used. 
It is useful here to give a list of the angles of cutting edges 
that are in common use. gy 7 elarees 


Angles for Cutting Edges of Tools or other Cutting 
Appliances. 


90°—70° Tools fixed in machine tools, also all 
shears, punches and other hand 
tools, and especially for machine 
tools used on chilled cast-iron. 


le 70°— 60° For machine tools used for moder- 


ately hard metals, hammers and 
chisels used on stonework, hand 
or chipping chisels used on metal- 
work. 
60°— 50° Hand-turning tools used on hard 
wood or ebonite. 
50°—40° Cutting edges of axes, adzes, choppers 
or similar tools used percussively 
on woodwork. 
40°—30° Fortools driven bya mallet, carving, 
graving and similar tools used on 
woodwork, 
For plane irons, spoke shaves, draw 
knives used on woodwork. 
26°—20° For ‘wood-working tools used by 
hand pressure. 
20°— 18°. For carving, pruning and other 
knives with a slicing action. 
18°—16° Used with the finest cutting, such 
as surgeons’ knives, i 
&c., also used with the 
slicing action. 
17°—16° Hand razors ditto ditto ditto. 
16°—15° Safety razors ditto ditto ditto. 


There is little doubt that this series of cutting angles 
is the result of long experience; but we have now to 
consider whether the great increase of transverse strength 
which is now obtainable in cutting formed from 
the new H.S. steels will enable us to reduce these angles 
and thus diminish the force required to force them 

the material we are cutti Before we can 

i this’ it is necessary to attention to the 
causes which limit the durability of the cutting edge, 
in other words the rate at which it becomes blunt when 
in use. So soon as the microscope is t into use to 
examine a blunted cutting edge it is seen that in all cases 
the bluntness consists in the bling or breaking 
away of the thin edge. This blunting action proceeds 
yA roe me a ng A OR Ry a 

in thus leaving projecting teeth. hen such a 
cutting is used for a slicing cut such as in a earvin 
knife cea acieniter,.chie sersation, vo long en the sesth 
are small, does not diminish the cutting efficiency, but 


30°— 26° 


. ves, 
wing or 


ible to be used. 


engineers who use the | edge. 


very common, cage of a lathe tool 
mounted in i post, nad let. us call (Fast Sorta of 
the cutting edge which presses against the work A, the 
other surface, which is in most, cages the upper surface, 
we will call B. Suppose that this tool is set to work and 


first forced into contact with the cylindrical surface that 
it is to cut, and in order to do this the surface A must be 
ground to what is called a clearance e, usually of 
about 4° — 6°, which allows the cutting of tool 
to take hold of, and ;commience splitting away a chip or 
shaving. The ay angle of the tool is the angle 
Between tbe, eoranen an A edna Py, and by My 
suppose in this case it is originally ground to eg. 
From the moment that the tool is,set to work there is a 
tendency to wear away the sce A, and this wear, 
which ought to be vey small—that is to say, if accurate 
diameter of the work is to be intained—graduall 

alters the original line contact of the eutting edge, to 
a broader contact which is concentric with the finished 
work. This A surface has thus lost its clearance angle, 
and if the cut that is taken is a fine cut, and is stopped 
for any cause, it is not an easy matter to restart it again. 





wear on surface B is of an entirely different nature; 
it is guenty covens by the friction, of the strip or shaving 
cut away from the work, which curls away from the work 


from a point somewhat higher than the actual cutting 
» and thus protects the B side of the cutting 
edge from wear close to this point. The curling chip 
impinges on the B surface at some distance away from 
the this distance depending on the speed of 
cutting; at high speed this distance is considerable. 
But from the very first moment, that the cutting com- 
mences the wear due to the chip impinging on the 
B surface is of an important nature, as it gradually 
cuts @ concavity which, as it deepens, gets somewhat 
closer to the surface A, until a point is reached at which 
the tool is so weakened by this groove on the B surface 
that it breaks orny under the pressure of the cut acting 
on the point of the tool as a cantilever. en this 
occurs, which with the best H.8, steels does not occur 
until the tool has been at work for a long time, the 
breaking away of this surface necessitates the immediate 
removal of the tool so that it may be reground. 

For a long time it was thought that this action of the 
actual cutting itself being protected on its upper 
surface was confined to H.S8, steels, but the author's 
experience goes to show that this action occurs, however 
slow the speed is, with carbon steels equally with the H.S. 
steels ; but in the case of the carbon punt fy on account 
of their inferiority in transverse s near the 
cutting edge, the crumbling action is liable to occur and 
the to break away at far earlier periods than with 
the H.5. steel. 

The author has also noted that the same phenomenon 
occurs, altho not to the same extent, with certain 
hand tools such as ters ;in this case as in 
the case of the lathe tool the lower A surface, wears but 
slightly, the upper surface scoured by the shaving wears 
with considerable rapidity, and for this reason we find 
plane irons protected with a covering iron which serves 
to deflect the shaving, and thus protects the B surface 
from this important source of wear, 

The author considers it probable that, these two sources 
of wear can be observed in all tools used for paring away 
shavings or chips. In the two classes of cases which have 
been conside it will be seen that the tool fails from 
the crumbling away of the edge. This crumbling action 
is increased w the tool is not steadily against 
the material cut, but as is often the case with hand tools, 
is driven fo by a series of blows of a mallet or 
hammer, the tendency for the edge to crumble is thus 
ieursanes, and ~ the case of conan steel — only be mee 

y tempering the steel to a lower degree ness aD 
hence increased toughness and by in ing the cutting 
angle. The great strength or toughness of the H.S. steels 
at the cutting enables them in all cases where they 
are used in machine tools to do the same work as the 
earbon steel with a largely reduced cutting angle or by 
reducing the power nly esl to drive them over the 
material, reducing the t of friction at high speeds, 
and thereby reducing the cost, of cutting. 

Turn to the table of angles given, it is found that 
the angles for cutting tools used not only in machine 
tools but also in hand tools might, if, H.8, steels be used, 
be decreased from 26 per cent. to 25 percent. In practice 
it is found that chipping chisels used for trimming 
castings which usually are ground from an angle of from 
75° to 65° may have this angle reduced to 48° if a steel 
containing 4 per cent. nickel, 1 per cent, chrome and 
0-4 cent. carbon be used for these chisels. It is 
t ore reasonable to su that if, as appears to 
be the case, some of the HS. steels can ‘actually be 
hardened to the same degree of cutting hardness as the 
best carbon steels, it may be hoped that all the remain- 
ing angles given in the table for hand tools may be aresly 

uced, and that there is a reasonable prospect that 
those for planes and chisels may be reduced to 30° for 
hard w one for soft a to 20°, and 0 ae 
slicing. , cutting of surgeons’ knives, penknives an e 
like from 18° to. 16°, and for razors from 16° to 12°, 
or even 10°. But these fine angles are largely a ques- 
tion of new design of aj tus for g and 
polishing the edges without ding them. 
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Op THE PROPERTIES OF MATERLALS* | Te ached mestiles 


By Professor F.C. Lea, O.B.E., D.So., M.Inst,C.E. 


THe use of materials, subject to stress at 

much higher than the i pemneled in steam plants, internal 
combustion engines, é&e., necessitates a knowledge of the 
effect of temperatures upon the properties of materials. 
It is by no means wise\to assume that a material 
liarity well suited to meet certain conditions at dey 
temperatures is able to perform the same duty at higher 
temperatures. In the early\days of the war it was found 
that a certain alloy of aluminium containing 13 per cent. 
of zine and 3 per eent. copper gave results at ordinary 
temperatures, and it was s that it should be used 
for pistons of internal conibustion engines. Fuilure 
ensued, and-it-was then found that the strength and 
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THE: EFFECT OF TEMPERATURE, ON ‘SOME: oF ‘THE PROPERTIES OF MATERIALS 
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1. 3,600 grams cement and 840) c.0,, of, water at| after this adjustment. Cracks commenced on specimens | prove anything definite, but they do probably indicate 

16. dem, Ccta 8 Sogutb diniog aeade sav heated for Gaupndl unis bementeeaees ©.' On cooling'| that loss of strength is very largely due to ‘cracks, that 

20 briquettes, Lim, waist. 66666 2) i: the cracks became more noticeable. | ‘effect of the:| develop further as the specimen ‘cools. ‘The loss of 

}) Four 2in.oubes,. ., eqmet. od temperature on the crushing strength is shown in Fig.'| weight of the blocks was quite small. After heating 

: FT cement, 1,200 o.0, of water_at 16 deg. | 20. At 690 deg. C. the i the ! than 430 deg. C. the:pebbles could 
0 e ui ‘ 


of concrete 
is only: 20 per cont. of | its: original Up .to’| be out of mass clean. Specimens of other 
(a) 32 uettes. oF vialt about 460 deg. C. the concrete appears to be littleaficeted have been prepared for test. f 











§ 


(6) Four 2 in cubes, Ww ¢ ‘very large number ‘of buildings have been built in 
All stored in water after 24 hours. 


ro ge h is deeeee various — the any. - 
ys, an 8 in. whey | 4\\M gate and even these i 
electrically rUbit so ebay aay #60 mi 2h ‘our laboratory | whet edperion has proved 

for the purpose. The Fyne ow were on. 

angles and separated. e temperature of the furnaces 
was read at three pointe by thermo les. ing. 
from. cold the temperature of the furnace was rai 
as shown by the line of dashes in Fig. 19. 2. 

At consecutive temperatures of 100 deg. C. intervals, 
five briquettes were removed=from different’ i 
the furnace and allowed.to@oo! in the be of No. 2 
and two of No. 1. One cube of each was out at 


gravel in the large 
h tests. indicate, 
one case, that 






ort 





“Loe at this _— Bigs om " 3 
Cracks * to appear-on thé surfaces of the specig’ 
mens at 400 eg. Crend these to on 
cooling. As might be antici the cracking of the 
tension specimens was eee at the haunches’ 
and on the compression mens at corners. 

These specimens were broken immediately 7 they 
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. TEMPERATURE GRADIENT. r - TEMPERATURE GRADIENT. RELATIVE GRADIENTS 1-2:4 CONCRETE. 
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were sool enoygh to handle,) wih the its shown ‘in Fig. 26. TEMPERATURE. aT many so-called fire-proof buildings aré ’o, more in name 
Fig. 19. The tensile specimens all failed at the cracks NOC ; than in fact, 
os tke ches)\The ‘‘ hardness ’’ +3 MORTAR. ASushurvp joe Taste II. 
at - 0. 


Specimens heated to 430 deg. ©. for > 


Crushing Strength. 
Tested Tested 


- Cold, Hot. 

bb, Ib. 
1) 1 hour ub a ... 22,090 24,320 
(2) 2 hours oop bow --» 19,840 22,100 


These molinsinart tests show the effect of the tempera- 
ture on strength of steel and concrete, but it is clear 
that-eyen though the’surface of..column or beam may be 
exposed to a given temperature the interior may be much 
coolér;” and may vary considerably for different 
‘aggregates. “If-there is any free water concrete or 
the aggregate is such that chemical take place 
when certain temperatures are reached, orif one aggregate 
is a better non-conductor than another, then the rate of 
growth of ; from the heated surface toward 
the centre of element of the structure may be very 
different in one case than in thé others" 

Some preliminary tests have been undertaken to test 
the rate at which temperature changes in a concrete 
block and also to obtain/information.as to how long 6 
specimen must be heated to ensure it has reached a 
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This plate took Sapa temperature of the furnace and | Age when heated. Fig. 31 shows surface after 
radiated heat to the concrete surface, Thermo-couples Specimen A ... 49 days. 
were made to touch the plate and the face of the concrete. Specimen B... 51 days. 
The temperature of the plate, the furnace near the surface 


of the specimen and of the couples within the specimen 
could be read simultaneously. 

The results of the tests are shown in Figs. 23 to Fig. 27. 
The cylinders marked A contained two thermo-couples 
only, while-B» contained three thermo-couples. These 





were located as carefully as possible when the blocks were 


Norse.—The exact location of the couples in A by 
measurement after test was difficult, due to softness of 
surface. 

Fig. 29 shows surface after one heating. 

” 30 ” ” second ” 

Aggregate comes away clean from matrix. 





Fig. 27. TEMPERATURE GRADIENT. 
NEAT CEMENT. 








Fig. 28. TEMP. AT CENTRE OF CYLINDERS. 
MEAN DIA~2% ims. 


heating. 
. 32 shows crack develo; in side on 
ne matrix aggregate nid coalty be pace re 5 on the 
finger. 
Reheating. 4 " , 
e' ture ure 
of Plate. in. 


Time. 
Ist heating 2 hours. 755deg.C.. 37hdeg. C. 
2nd heating ... 2 hours. 7715 deg.©, 425deg. C: ' 
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made and the positions of the couples were checked after 
perrn * The couple wires in these specimens were 
brought out of the cylinders at the opposite ends of a 
diameter. Other tests are being carried out with the 
couple wires brought out parallel to the axes of the 
cylinders. To test whether the first heating altered 
materially the heat gradient the specimens marked A 
were subjected to 6 second heating. The results ob- 
tained were not very different in the two tests. Further 
particulars of the cylinders are given in TaBtx III. 


Taste IlI.—Particulars of Concrete and Cement Blocks. 
I. 1:2:4 gravel. 


Composition. 
Aggregate—Gravel ~ 
oe Buzzard Sand se 2 By weight. 
t aod 


8-4 per cent. Water 
Compressive 


Strength. 
Average for 6 cubes 4in. by 4in. by 4in.— 2,200 Ib. /in® 
at 60 days 


see 


5 











Fre, ‘33. 
Reheating. Temperature Temperature 
Time. of Plate. (l¢in.) 
lst Heating... 14 hours. 730deg.C. 350 .C. 
2nd o és. 1§ hours. 730deg.C. 345deg. ©, 
Il. 1:2:4 Rowley Rag. 

Composition. 

Aggregate, Rowley Rag ... 4 

Leighton Buzzard Sand ... 2 } By weight. 

A.P. Cement : ose 1 


8-4 per cent. water 
Compressive Strength. 


aa three 4in. by 4in. by 4in. eubes—1,900 Ibs. / 
in.? at 32 days. 
Age when heated. 8 
Specimen A ... —_ o ew 31 days. 
Specimen B ..,. dan das so 32 days. 


Nore.—The incompleteness of curves for B was due 





to furnace failure. The temperature on the cylindrical 
surface opposite inside couple is shown dotted. 








Fie. 31. 


ee Neat Cement. 
omposition. 
A.P.C. Cement... 
24 per cent. Water 
Compressive Strength 


Average for 4 cubes 4 in. by 4in. by 4in.—5, 900 Ib. /in.* 
at 35 days. 


tf } By weight. 


Age when heated. 
Specimen A ... aes ies 39 days. 
Specimen B_... oe - 39 days, 


Norsz.—Specimen B developed a crack right down the 
axis on the plane of the thermo-couples. ee 

The cement even on the heated surface 
brittle. 


Fig. 33 shows surface after 2nd heating when specimen 
was cooled in about 3 hours. 


was hard and 


Reheating. 
Temperature Temperature 
Time. of fis ins. 
lst heating «... 2 hours. 475 deg. C. 100 deg. C: 
2nd heating ... 2 hours. 620 deg.C, 200 deg. O§ 


It i interesting SFiam ths cheote te cases the rate of 
rise of temperature o the cou up to a temperature 
of 100 deg. C. was less than after 100 deg. C, had been 

indicating that there was a little free water in 
all the specimens. There appeared little evidence of 
ba fon of the cement, 
thermo-couple on the face of the specimen gave 
probably a higher temperature than the temperature 
of the surface. If temperatures are taker off the 
diagrams, after a certain period of heating, and curves, 
sho temperature plotted against distance of thermo. 
couple from the surface, are plotted it will generally be 
found that the surface couple temperature is above the 
heat gradient. This was anticipated as it is known to be 
difficult to obtain a surface temperature when the 
pin Paey; mead dt vr by air or other fluid at a 
temperature. 
-Temperature Ourve for a Point at the 
of @ Concrete Cylinder.—These tests were un to 


d the time taken for the centre of a cylinder to reach 
the same temperature as the Gimiaphoe of Wee aliete 
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immediately near the surface. to the present we 
have ‘been able to earry out a tests, the results 
of which are shown in Fig. 28. 

More instructive comparative results are expected 
from tests kee the surface temperature constant 
instead of ing both temperature and time, 

Three cylin tested :— 


(3) Neat cement. 

Mean diameter 2} in., length 6 in. 
were cast in the centre of the specimen. The cylinders 
were heated by being placed in the centre of vical 
furnace a yreferred to. The ends of the cylinders 
were insulated by pieces of concrete of the same diameter 
separated from the specimen by an asbestos washer. 
Three thermo-couples were attached to the surface of 
the cylinders, the mean actual skin temperature was 
probably less than the mean of the temperatures regis- 
tered by the couples ; the skin temperature curve shown 
in Fig, 28 is a mean curve interpolated from the three 
curves of the three couples attached to the outside 


Thermo-couples 


of the cylinders. It will be seen that after about 4 hours) So: 
the couple at the centre of the specimen was at a tem- |- 


perature greater than 650 deg. C. 

The results of both sets of tests, ——- by no means as 
yet conclusive, indicate that the usual thickness of cover- 
ing for the steel is by no means sufficient to prevent the 
dangerous temperature of 650 deg. C, for the steel being 
reached in thoge cases where the fire can maintain a high 
temperature for several hours and as far as the tests go, 
they appear to indicate that not a great deal of difference 
is to be expected by varying the aggregate, unless 


CATALOGUES. 
from the 


Electrical Machinery.—A received 
General Electric Company, Limited 67, Queen Victoria- 
street, London, E,C, + gives illustrations and particulars 
of a 1,000-kw. rotary converter and its necessary gear 
ae arte Rng driving rolling and Pilger mills in a large 
steel works. 


Soiphonie~of. revised. list of prices of telephones, 
switchboards and accessories in the “ K ” section of their 
catalogue has been issued by the General Electric 
hae a Limited, 67, Queen Victoria-street, London, 

.C. 4. 

Cast-Iron Pipes.—A list of cast iron pipes in stock for 
immediate delivery, distinguishing the socket, flange and 
hydraulic types with the diameter, length, weight and 
quantity of each is issued monthly by the Stanton 
Ironworks Company, Limited, near Nottingham. 


Leaf Binding.—A useful cover with transfer cases for 
binding single sheets of accounts, catalogues and com- 
mercial papers comes from Messrs. William Gibbons and 
ms, Limited, Princess-street, Wolverhampton. 


Conerete Reinforcement.—A catalogue of reinforcement 
made. from sheet steel stamped into a rib form and 
suitable for walls, floors, roofs, arches and general building 
purposes, comes from the Trussed Concrete Steel Com- 
pany, Limited, 22, Cranley Gardens, London, S8.W. 17. 

Electric Fuse Wires.—A price list of fuse wires made 
in aluminium, copper, tinned c » lead, special alloy 
and pure tin, has = issued by the British Insulated and 
Helsby Cables, Limited, Prescot, Lancashire. Diameters 
and 





materials are used which as already i 
chemically below 650 deg, C. 

The all-important question presenting itself is—Is it 
possible to obtain a covering for beams, slabs and 
columns that will not readily crack, and is such a bad 
conductor that it will prevent the steel and concrete 
from reaching dangerous temperatures? If not, can 
other means be found for keeping the reinforcement cool 
in case of fire? These questions have not been answered 
and probably the cogwer, will aly be found, if at all, 


i) 





after he final answer will not 
be found in the engineering jaborssoey, bat as in goher 
engineering problems, @ good deal light can 
thrown 1 this one by small scale ri- 
ments. as the steel is i, the tests 
detailed ele indicate that its temperature must be 
kept deg. C. If some of the alloy steels ever 
beco and can be used for r 
y 9 anya may be allowable 
ailure, but t advantage could not be 
st: h of these alloys at 
ures if the failing stress under tem- 
to be 7 tons per square inch. 
s as those we have described indicate what is 
at, ant eee may indicate the 
to be and the t of covering 





ing the steel, or at least may indicate the 
which it is worth while carrying out large 


scale e ts. 

The — er ro influence of a 
on ma is clearly portance to engineer. 
The ’ from the tests on metals are also of 
importance to . 


in 
the hot working and drawing of metals. It = not 
been the object, however, of this paper to draw particular 
attention to this aspect of the subject. 

In conclusion the author wishes to express his indebted- 
ness to Mr. E, Coupland, M.Sc., research assistant, and 
to Mr. J, Collins, M.Sc., research student, for the assist- 
ance they have given in connection with the experimental 
work described in this paper. 





SHIPBUILDING: aND Sumirrinc mm Portanp.—The 
Poland-Baltic Trading and Transport Company, which is 
co-operating with the Polish-American pany, has 
increased ‘its capital to 60,000,000 marks, and it will 
eventually ‘be: increased to 120,000,000 marks. The 
company has purchased a large site on the Weichsel for 
the purpose of establishing a shipyard there, more ex- 
pressly with a view to building steamers for river traffic. 





Conorete Roaps in Denmarx.—Some official experi- 
ments with concrete roads have been und in 
Denmark at the instance of the Viborg authorities on 
the Viborg-Aarhus high read, The experiments were 

ied. on over a section. some 350 m. in length and 
4-5 metres wide, the camber being 1°50. The layer of 
conerete was 15 om, thick and it was strengthened with 
ribs .25.om., broad and 10 cm. deep along the sides. 
The top layer 5 cm. thick, was made of concrete with small 
stones ranging from 15 to 30 mm. in diameter, the 
mixture being 1: 2:4: whilst the formation layer 
was composed of vel concrete mixed yay. ratio 
14:8. The top layer was negery upon the bottom 
layer immediately after the latter had been laid. Fora 
short distance the te has nm re-inforced with 
light longitudinal and cross rods placed 7 cm. from the 
surface in a layer of concrete 10 cms. thick. weeks 
were allowed for the hardening of the concrete before 
the road was opened for traffic. One part was tarred 
immediately and the remainder was left for a period of 
nine months for observation. The concrete road, in 
spite of fairly heavy traffic, has shown no cracks, and 
with the exception of a few isolated holes, about 1-5 cm. 
deep, it shows practically no signs of wear. The cost of 
the coneréte portion amounted to 11-12 kr. per 
8 metre, the value of the old road material pty 
covering the cos; of making up and removal; the re- 
inforéement cost an additional 3 kr. per square metre, but 
the experiments have shown t the latter can be 
dispensed with under certain itions. 








inal fusing currents are mentioned in each case. 


Magnetos.—Two etos of the four-cylinder type 
suitable, respectively, for heavy cars and lorries and for 
ordinary cars up to 20 h.p., are described, with full 
particulars and prices, in a small catalogue issued by the 
General Electric Company, Limited, 67, Queen Victoria- 
street, London, E.C. 4. 

Electric Traction Motors.—Ventilated interpole traction 
motors, which are stated to be — superseding the 
closed type, are described in detail with illustrations in a 
special catalogue issued by the British Thomson-Houston 

Rugby. extensive 


mpany, Limited, . They are in use 
in tramway plants. ; 

Die-Cast Bearings.—Half bearings and bushes cast of 
a special i 


metal to one-thousandth of an inch accuracy 
are offered by the Universal Die Casting and Metal Com- 
pany”, hime, Farm-lane, Walham Green, London, 


d oxpltina the imps ave [aha snetels with epecial 
and e im ce ia 
characteristics for pal vipaheting Sons. 


Cutting Tools.—Tools with steel shanks and welded-on 
high-speed steel tips for use on lathes, planers and 
sha) are shown in many standard forms in a catalogue 
issued Messrs. Charles Churchill and Co., Li 
Leonard-street, Finsbury, London, E.C. 2. 
and prices are stated. 


E: Joints.—Several types of expansion joints 
for low-pressure steam pipe lines, are shown in a catalogue 
issued by the Griscom- Russell Company, 90, West-street, 
New York, they have cast steel flanges and copper barrels 
and are made in about 40 standard sizes ranging from 
4 in. to 6 ft. in diameter. 


Pneumatic Despatch.—A'system of conveying letters, 
&c., to the various rooms in a building or to adjoining 
buildings is deseribed in a seaeived 
Messrs. T. Gooke and Sons, Limited, 
York: by goa — are of leather or 
open at one , are forced — brass piping 
pressure. Hand or motor-driven air pumps are ied. 

Gas Welding and Cutting.—A 16 booklet issued by 
the Davis Bournonville pany, Jersey City, U.8.A., 
contains a simple general description of a lerge range of 
tools and for cutting and welding with oxy- 
acetylene and oxy-h gas. The oxygraph, a 
machine for cutting steel plates from a } in. thick to 
bebe on tomlin. chars eap eb ge col ety sa 
wheel w! move the along a taken from 
@ patterm or Yer in gon copied ty pantograph 


mech: 
Oil Tractore.—The Ad y Thresher Com- 


Dimensions 


Separators.—Thie Griscom-Russel Company, 90, West- 
street, New York, send a catalogue of their appliance for 
separating m from compressed air, in which the 
wet air is given a spiral flow and then dashed against 
baffle plates on which the moisture is deposited ; also 
sek ump pou mg SpE ps ns af for 
separating solid matter from flowing water, oil, &c. 

Heating and Cooling Machinery.—Mesers. Sulzer 
Brothers, Winterthur, Switzerland (and 31, Bedford 
square, London, W.C.1) send catalogues giving a general 
description of some installations of their igerating 
machinery for the meat trades and also of heating and 
cooling @ tus for use in cheese manufacture and 
—_- he latter, which is installed at Zollikofen, 
near , is particularly interesting. 

Marine Engines. Two catalogues of steam and oil 
marine engines come from one of the oldest eering 
firms in the eountry—Messrs. Plenty and Son, Limited 
—t- pecome engines made to standards 
include 14 powers.in the triple expansion type, rangin 
—_ eu to py a Te 20 powers in the mo 
pound type, i m. 30 i.h.p. to 500 i.h.p, clined 
steam po es for stern-wheel and : boats are 
standard products of this firm, and horizontal marine 
engines arealsoshown. Thelatter are specially designed 
for ice-breaking vessels in which the head room is very 
limited. .All steam engines are complete with boilers 
and connections. The marine oil engines include four 
sizes of 30, 50, 60, 100 brake horse-power provided with 
separate reversing gears and four of 90, 120, 150, 200 
brake horse-power, which are directly reversible by means 
of compressed air. Separate reversing gears are supplied 
with all engines with one or two cylinders, while engines 
with three or more cylinders are directly, reversible. 
‘These engines represent a substantial and economical 
class of machinery. for harbour. vessels, river craft and 
small ships, and many years experience is embodied in 
their design. 





Tue “ Brrro-Latvian” Trape Farr.As the name 
shows it was origi y intended to confine exhibits to 
——e Britain an names but a number of circumstances, 
and amongst them large number of applicants from 
other countries, made a 4 of plan ec i 
was decided to give the Fair a more international 
character. It. was this reason that chiefly led to. the 
postponement of the opening from August 22 to 
week in Sej ber, and to pro that the ibi- 
tion should be known as “‘ The Riga Trade Fair.” The 
Fair will be held on the premises of the former boot and 
leather factory, ‘‘ Buffalo,” Limited, 11, Weidendamm 
30, Riga, and will have a duration of five weeks. Manu- 
facturers of all nations will be represented, and amongst 
the advantages which this offers to the exhibitor from 
any one country is that there he will come into contact 
not only with local buyers, but with buyers and exhibitors 
from countries, which will include Belgium, 
Finland, Great Britain, Scandinavia, &., not 
to mention the opportunities which a resumption of 
commercial relations with Russia will offer in the near 
future. Further particulars may be obtained from 
The British and Russian Transport Company, Limited, 
6, Lloyds-avenue, E.C.3. 





Vrsrartions oF A Marine Tursine.—A peculiar case of 
trouble with one of the turbines of a German torpedo 
po is Soontet in so Rete ft des Vereines eee 

ngenteure, 31 last by Captain-Lieutenant Hiilcker 
and is di br Reb h: experts. As the boat in 
question was way to ey before a : ough 
investigation co explanation very 
doubtful. The boat was equipped with two turbine 
sets, each set of 13,000 h.p., consisting of ahead and 
astern turbine, being erected in @ separate engine room, 
the port set aft of starboard set, the i 
latter set was 7m. longer than that of the 
The turbines their trials sati and gave, 
at 600 r.p.m., 32 knots. After a few mo the star- 
board turbine suddenly refused to run at a speed above 
200 r.p.m, There was no noise nor water hammer and 
no a was Boo and ~~ ‘ the. upper 
turbine cover more @ very jon 
of some shrouding fins was discovered. By the aid of 





vance Rumel 
Laporte, Indiana, U.S.A., who have been making 


farming 


machinery for some eighty have issued a 
very co catalogue of their tractor for 
farm wi and other 


and also of their steam 
farm machinery. The figures of a test made under the 
auspices of the Ohio State University in January this 
year give the consumption of kerosene in this tractor, 
which is rated at 12 4 to 20 h.p., as 0-606 lb. per 
horse-power hour. 


Pneumatic H %.—A catalogue of the Stevens- 
Hunter t pneumatic tools, including hammers, 
holders-on, chisels, sealers, &c., comes from the Clement 
Stevens Pneumatic Engineering Company, Limited, 
High Wycombe, Bucks, who are the makers under sole 
licence. The various tools are fully illustrated and 
described with the usual special adaptations and sets of 
spare parts. The firm also make all the connections, 
compressors, &c., required for pneumatic power systems. 

Automatic Clutches.—The automatic centrifugal 
clutches made by Messrs. Thomas Broadbent and Sons, 
Limited, Huddersfield, described in a special catalogue 





to hand from this firm, are intended for taking up’ the | be 


load ually as @ motor or engine runs up to normal 
speed Wher desired they can be designed to begin 
to take up when the motor attains a certain proportion 
of its speed up to 75 cent,, and also to slip under a 
given amount of overload. 


it was ascertained that the clearance of about 
3 mm. had not been aff in the lower inaccessible 
part of the turbine casing. The bearings were adjusted 
although they seemed to be all right, and the turbine 
was closed up again and ran at full speed as well as before. 
A few months- afterwards, however, the same trouble 
reoccurred ; the speed would not rise above 200 r.p.m. 
and 17 knots. On re-opening the turbine some more 
abrasions were discovered, but the clearances were still 
normal. The turbine was again set to after filing 
about 1 mm, off its shrouding fins, the running 
became normal once more. explanation Hiilcker 
suggests that, as one of the three propeller blades would 
momentarily be in deep water, whilst the other two 
tound smaller and unequal resistances in the water, the 
ship’s stern would, at every revolution, receive three 
blows, obliquely to the propeller shaft. The ship in 
motion iteelt would vibrate longitudinally and by reson- 
ance excessive shaft vibrations might be set up. 
fessor Frahm doubts that explanation, and suggests 
rotor vibrations as the cause. Professor Féttinger, ex- 
amining various possibilities in detail, suggested that a 
one-sided introduction of wet steam is more likely to 
responsible by causing unequal heating and distortion 
of parts of the turbine casing, such as are sometimes 
° when a turbine is slowly Heated up, The 
—_— point is that the speed would.not rise above 
00 r.p.m., although the steam re was i 
from 2 atmospheres to 6 atmos in the first svage. 
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